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ISOTOPES 


By FRANCIS P. VENABLE 


The fundamental conception in chemistry is that of the atom. The 
atomic theory is the basis of all explanations offered as to the consti- 
tution of matter and such reactions and other changes as may occur 
in matter. The atom is possessed of certain characteristies or proper- 
ties that distinguish it. It has even been suggested that an atom is 
a bundle of properties. The mass or weight of the atom has been as- 
sumed to be an unvarying property and hence to be classed as a con- 
stant of nature. 

The determination of one of these constants, which after all means 
an attempt at measuring the attraction exerted by other masses of 
matter upon it, is of course relative in its results and beset by many 
difficulties and chances for error. At first the methods used were too 
erude and the results obtained too inaccurate to justify any conelu- 
sions as to the unvarying nature of these so-called constants, but with 
the improvements in apparatus, methods, and manipulation there was 
reached a degree of confidence which caused some investigators to 
question the constancy of the atomic weights. Schiitzenberger, Bout- 
lerow, and others raised this question but no satisfactory conclusion 
could be reached so long as the possibility of error in such determi- 
nations was unavoidable. There was, however, a persistent suspicion 
that changes in the atomie weights might occur in the course of chemi- 
eal reactions. To refute this we have the well-known experiment of 
Landolt which proved that within the limits of experimental accuracy 
no change in the sum of the total interacting weights of matter can 
be detected when chemical action takes place. For the usual routine 
work of the chemist, then, it can be taken for granted that the weight 
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of the atom is an invariable or constant quantity. It is to be noted 
however, that the proof is not absolute, and furthermore that while 
the sum total weight might have been found to be the same the pos- 
sibility of change in single atoms was not excluded. 

As explanatory of some of his results Crookes, in his classical in- 
vestigation of the rare earths, threw out the suggestion that in the 
course of reactions, and such have taken place throughout untold 
periods of time, changes might be wrought in certain of the atoms 
under the stresses to which they had been subjected. These he called 
‘worn atoms.’’ If this were so, then the determinations, in which vast 
numbers of atoms are dealt with, could give only the average of all 
atoms concerned as the weight of one. It is manifest that chemical 
methods alone could not give a satisfactory answer to such a question 
as this, but after nearly half a century the same conclusion has been 
practically reached through the use of modern methods, largely phy- 
sical. It would seem that in a number of cases at least our accepted 
atomic weights represent an average weight only. 

The announcement of the Periodic System by Mendeleeff induced 
a renewed and increased interest in the atomic weights and their de- 
termination. This system showed that when the elements were ar- 
ranged in an ascending series according to the increase in their atomic 
weights they fell into certain periods and groupings which brought 
out remarkable relations as to chemical and physical properties. By 
means of this system Mendeleeff was enabled to predict the existence 
of certain elements at that time unknown, and to give a fairly accurate 
description of them and their properties. These predictions were, for 
the most part, confirmed soon afterwards and the system took its place 
in science as a natural system. 

It is important to note, however, that in drawing up his ascending 
series Mendeleeff relied more upon the properties of the elements than 
upon the atomic weights. His boldness in pointing out places to be 
filled by yet undiscovered elements testifies to this, and still more the 
fact that in certain cases where there was conflict between the phys- 
ical properties and the atomic weight in deciding the position of an 
element in the series he unhesitatingly adopted the properties as the 
deciding factor so that so far as these elements are concerned it is not 
a strictly ascending series of atomie weights. This transposition was 
quite allowable at a time when most of the atomic weights had been 
only inadequately investigated. In the cases where this liberty was 
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taken the atomic weights fell very close together and it was within 
reason to think that the probable error lay there. The two chief in- 
stances were those of Te and I; Co and Ni. During the following 
years many determinations were made to settle this discrepancy. The 
differences between them were under one-half of a unit but they were 
real and persistent. Some suggested the existence of companion ele- 
ments which could not be separated. Indeed Kriiss announced the 
discovery and separation of such a companion element with nickel 
which, if removed, would leave the atomie weight of nickel greater 
than that of cobalt and thus justify Mendeleeff in so placing it in the 
series. Kriiss died shortly afterwards and his supposed discovery has 
never been confirmed. The proof that Mendeleeff was right in placing 
these elements as he did was finally brought about through the reve- 
lations of radioactivity. This much was evident from the first, how- 
ever, namely, that each element had its definite position in a series, 
or place in a system not artificially arranged but forming a natural 
order. In this orderly arrangement two factors decide the position 
of the element. These are the mass and the electrical content. That 
the elements were electrically charged was recognized by Davy within 
a few years after the announcement of the atomic theory. 

The clear exposition of the inter-relationship of the elements and 
their arrangement in a definite order practically placed their com- 
posite nature beyond question and their genesis became a subject of 
speculation. Of course Prout had been the first to enter this field, 
but so far as he was concerned it was a sheer guess without foundation 
in fact or logic and should never have received the attention given it. 
So, too, the later hypotheses lacked fundamental data, though some 
of the guesses were shrewdly near the developments of these latter 
years. 

While it was definitely settled that each known element had its 
definite place in the series, no especial import was placed upon the 
relative number of this position. This is now known as the atomic 
number and ean be determined accurately by physical means. It was 
first accomplished by radioactive methods but Moseley’s marvelous 
application of the defining power of quartz crystal to the definition 
of the x-rays emitted by each element under a bombardment by nega- 
tive elections has superseded all other methods. The spectra so ob- 
tained reveal an orderly shifting of certain groups of lines. Begin- 
ning with any one element, the position of all others in the series can 
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be determined. In other words, the atomic number of any element can 
be found in this way. 

Radioactivity has solved the constitution of the atom. Ruther- 
ford’s disintegration theory and his demonstration of the building 
up of the helium atom have finally settled that problem. We now 
know that the atom is built up of positive and negative electricity— 
aceording to Rutherford’s conception, a positive nucleus of alpha par- 
ticles surrounded by a field of negative electrons. The discussion of 
this or other atomic models is apart from the object of this paper. 

The Periodic System represented the place occupied by an element 
in the series as primarily a function of its mass, but in reality mass 
is secondary and the electrical content is the chief factor. As already 
stated there are two variables in the structure of each atom—mass and 
electrical content. The former decides the position of the element in 
the vertical columns of the Periodic Table and the latter decides the 
position in the horizontal columns. In consequence of the influence 
of the electrical content, Soddy reasons that a chemical element is not 
necessarily homogeneous and its atomic weight may be, and possibly 
is generally, a mean value rather than a natural constant. The fact 
that some elements are known to be radio-active—that is, with some 
of their atoms undergoing disintegration—that even such elements as 
potassium and rubidium are subject to a slow disintegration of their 
atoms which involves the formation of atoms of lesser mass, brings 
the thought near that possibly all elements are subject to the same 
process of change except that the rate is too slow to admit of detection 
by such instrumentalities as have hitherto been used. Quite recently 
the statement has been made that by means of a new device it has been 
found possible to detect and register the expulsion of one alpha par- 
ticle from zine in every nine and a half hours. So far as I know, this 
has not been confirmed. But enough is definitely known to bring us 
back to the worn atoms of Crookes. 

The addition of some thirty or forty new elements known as radio- 
active elements but having valid claims to recognition as real elements 
puts too severe a strain upon the Periodic Table as conceived and con- 
structed. This is far in excess of the number of vacant places, espe- 
cially when one reflects that the rare earths which have been shifted 
from place to place are still dissatisfied with their accommodations. 
Making use of the two variables named above, it was found that a few 
of these radioactive elements—as, for instance, radium emanation, 
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which belongs to the group of the monatomic gases—found lodgment 
in some of these vacant places; but the great majority fall in places 
already oecupied by well-known elements. Thus seven fall in the place 
occupied by lead. This necessitates the use of the same atomic number 
for eight elements. These radioactive elements possess identical chem- 
ical characteristics with lead and can not be separated by chemical 
means. The minute amount of the radioactive elements available ren- 
ders a comparison of the spectra difficult. In a number of cases they 
are known to be identical and according to Soddy’s theory should be, 
but certain generalizations (as that of Hicks) are opposed to this 
view. 

The name isotope was adopted by Soddy to designate these ele- 
ments. The word means same place. Thus RaG is an isotope of lead; 
RaC is an isotope of bismuth. No strictly chemical means for separat- 
ing these elements is known. In the same way ionium and thorium 
are isotopes and there are three other isotopes in that place in the 
Periodie System. 

As these isotopes have different physical properties, they can be 
separated sometimes by means of these. The question then arises as 
to whether in case the atoms of an element are not homogeneous they 
can be separated or detected by physical methods. J. J. Thompson in 
1913 devised a method involving the use of the deflecting influence 
upon the trajectory of an ion by the simultaneous application of elee- 
trie and magnetie fields and thus obtained evidence of the existence 
of heterogeneous particles. In some cases further examinations show 
these to be different molecular aggregations rather than new elements. 
Thus in hydrogen besides Hy the presence of Hz; was proved and 
there was a possibility of other hydrogen molecules being there. The 
atomie weight of hydrogen is 1.008. The fractional portion can now 
be safely regarded as due to an admixture of these heavier molecules. 
To eall such molecular aggregations isotopes would be a serious de- 
parture from the original definition of the term. They are not dis- 
tinet and different elements. The term is sometimes carelessly used 
in the ease of molecular aggregations of hydrogen, and other elements 
and this must lead to needless confusion of ideas. 

An examination of the monatomic gas neon, whose atomie weight 
is given as 20.2 reveals the presence of a companion gas having an 
atomic weight of 22. This corresponds with no known element and 
the new element is called meta-neon. A physical investigation of at- 
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mospherie neon was then undertaken by Aston. Fractionations by 
charcoal absorption yielded no results, but fractional diffusion resulted 
in a partial separation of the two gases. They showed the same 
properties and gave identical spectra, differing only in atomic weight. 
More recently the possible existence of another isotope with the atomic 
weight 21 has been shown. 

It would seem that heterogeneity has been proved in more than 
twenty of the common non-radioactive elements. The investigations 
have been carried on chiefly by the method of Thomson in which the 
negative electrons were separated and differentiated, and that of Aston 
in which the positive particles were examined by the application of 
similar means to the canal rays. Diffusion methods have also been 
applied with partial success. From the results obtained by either 
the Thomson or the Aston method the atomie weights can be accurately 
ealeulated. It is interesting to note that the results from the Aston 
method give as whole numbers the atomie weights of all the elements 
examined. 

From the examination of chlorine it was found that there were 
present two distinct elements having the atomie weights of 35 and 37 
respectively. There was a possibility of another in much smaller 
amount with the weight 39. The atomic weight of ordinary chlorine is 
35.47 and this is correct to the second decimal place. It is composed 
mainly of chlorine 35 plus chlorine 37. The relative amounts of these 
present have been determined and the atomic weight confirmed. 

In argon a companion element was found in very small amount 
and this had the atomie weight 36. Krypton gives definite evidence 
of being a mixture of five isotopes and possibly six. The atomic 
weights are 84, 86, 82, 83, 80, 78. Xenon also shows the presence 
of five isotopes with possibilities of two more. 

The remaining ten in the list of Aston are homogeneous as to atoms 
but heterogeneous as to molecules. These are H, He, C, N, O, F, P, 
S, As, and I. In these cases only two variants were found in each 


mixture. 

There is a very striking fact regarding the isotope of helium which 
was discovered by Rutherford and found to have the mass 3. jAston 
gives it the atomic weight 4, the same as helium, and that means from 
his caleulations some multiple of 4. It is proper to state that Ruther- 
ford has questioned the correctness of Aston’s deduetions. If Ruther- 
ford is right, this coincides with the mass of the hydrogen isotope 
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H3, which was discovered by Thomson, confirmed by Aston, and di- 
rectly prepared by the activation of H by Wendt and Landauer 
(Amer. Chem. Soe. 1920. 42: 920). Thus we have the two with the 
same mass—one an isotope of helium and the other a molecular aggre- 
gation of hydrogen. They are entirely different in properties. 

Soddy (Lond. Chem. Soe. Ann. Rep. XVII. 221) writes as fol- 
lows concerning the Aston methods: 


The methods depend on the same general principles as those (of Thomson) 
which sufficed to detect the presence of meta-neon, of atomic mass 22, in 
atmospheric neon but the electromagnetic and electrostatic deviating fields are 
rearranged in such a way as to secure an effect precisely analogous to focus- 
sing in optics. The trajectories of the positive ions in a slightly divergent beam 
are brought to a focus in a plane containing the photographie plate. All those 
for which the mass divided by the charge is the same are brought to the same 
point in the plane, those with greater or less values, respectively, being on 
either side. The complex pencil is resolved into a ‘‘mass spectrum’’ in every 
respect analogous to a light spectrum produced by a prism or grating. The terms 
‘‘first-order and second-order mass spectrum’’ are used to denote spectra pro- 
duced by ions singly and doubly charged respectively. The existence of ions 
with more than one unit of charge introduces a complication but fortunately 
these are experimental peculiarities which enable the two orders usually to be 
distinguished without uncertainty. The relative mass of the ion causing any line 
in the. spectrum can so be evaluated to an accuracy of one part in a thousand 
and the atomie mass determined to a degree of accuracy comparable with that 
attained in the best determinations of the atomic weight by chemical means, 
Incidentally, the complete agreement between the two in many eases affords 
much the most important evidence of the constancy between mass and weight 
for different elements. ‘ 

Apart from a possible uncertainty, already alluded to, as to the orders of 
spectrum to which any line belongs, the photographs published reveal the great 
power and aceuracy of the new method. Unfortunately, only non-metallic ele- 
ments have so far been included. The difficulties in the way of examining 
metallic elements by this means have not yet been overcome. In every case, 
except hydrogen, the atomic mass of each homogeneous component proves to be 
an exact integer in terms of that of oxygen as 16, within the error of meas- 
urement already stated. For hydrogen, however, the chemical value 1.008 is ex- 
actly confirmed and its homogeneity proved. 

In the year or two that have elapsed since the above citation was 
written by Soddy several new isotopic elements have been discovered, 
among them those accompanying certain metals as K, Rb, Mg, and Zn, 
so some of the difficulties which impeded progress have been overcome. 
Likewise certain of the atomie weights as determined by chemical 
means have been very exactly confirmed. Furthermore, Harkins has 
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recently drawn attention to the inadequacy of the designation ‘‘ atomic 
number.’’ He suggests as a substitute ‘‘element number’’ but this 
seems equally inadequate. The truth is, it is merely a position number 
and no longer represents either single atoms or simple elements. 

In his address as president before the recent meeting of the British 
Association, Thorpe says: 


The term atomic weight has thus acquired for the chemist an altogether new 
and much wider significance. It has long been recognized that it has a much 
deeper import than as a constant useful in chemical arithmetic. For the ordinary 
purposes of quantitative analysis, of technology, and of trade these constants 
may be said to be now known with sufficient accuracy. But in view of their 
bearing on the great problem of the essential nature of matter and on the super- 
latively grand question, ‘‘What is the inner mechanism of the atom?’’ they 
become of supreme importance. Their determination and study must now be 
approached from entirely new standpoints ana by the conjoint action of chemists 


”” 


and physicists. 


In conelusion, I ask you and myself the question: How shall we 
now define the element in the light of these new and wonderful reve- 
lations? Years ago in an address before the American Association I 
pointed out how often in the history of science we had been forced 
to change the definition because of new developments and how shifting 
were the sands upon which it was based. The homogeneity so fer- 
vently relied upon in our textbooks must be abandoned as the hetero- 
geneity of their component particles has been made manifest. One 
stand is left to us and it has the appearance of permanence. However 
heterogeneous physically, these component particles are homogeneous 
chemically. In fact, the sole difference seems to be that of mass. For 
the present, then, the definition may safely run: The masses of all 
elements are composed of chemically similar particles. So long as this 
is true the chemist at least need not disturb himself. Of course, there 
always looms before us the fact of atomic disintegration. 


CHAPEL HILL, N. C. 


Wii. 


SOME CONSIDERATIONS IN DEFENSE OF THE GENERAL 
BIOLOGY COURSE 
By J. P. GIvLeR 


In the teaching of elementary courses in the biological sciences in 
America two main policies have been developed during the past half 
century. In one, the beginning student is introduced to plant biology 
or animal biology through the medium of a course in Botany or Zo- 
ology as a distinct entity. The other method, originating with Huxley, 
is to organize into a single elementary course forms from both plant 
and animal ‘‘kingdoms’’ to show their essential agreements or to bring 
out their contrasts. 

The history of the two policies is well known. The separate course 
system had its origin in systematic Botany and Zoology since Linnaeus 
and before his time, through Cuvier and others in Europe and into 
America principally through the elder Agassiz and Asa Gray at Har- 
yard. The animus of the General Biology Course, on the other hand, 
came up from Greek thought, with the viewpoint of the naturalist, 
out of which the selection theory gained expression through Darwin 
and Wallace. 

Parallel with this naturalistic expression developed the general- 
izations based upon the discovery of the meaning of the cell and of 
protoplasm which generalizations have become incorporated with the 
Doctrine of Organie Evolution. 

About sixty years ago Huxley seized the essential features of this 
eell-protoplasm-evolution complex and, with rare educational genius, 
framed it in clear outline for the beginner and layman. In this he 
doubtless secured assistance from Foster and Dyer and inspiration 
from Darwin. ; 

Each of these systems of elementary instruction has its peculiar 
virtues. That involving separate courses has the advantage of a more 
restricted field and, further, clings mainly to fact through the dis- 
ciplines of morphology and taxonomy, while the General Biology 
Course is animated mainly by ideas and principles from the spirit of 
the generalizations which gave it birth. 

As is commonly known the teaching of General Biology entered 
this country with H. Newell Martin, the physiologist, an early student 
of Huxley’s, and radiated out from Johns Hopkins into a great many 
institutions in the East and West. During the forty-odd years which 
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have elapsed since that time many changes have taken place. The 
number of colleges and universities including some kind of Biology in 
their curricula, then small, has multiplied into the hundreds. With 
this has come about a vast increase in the number and viewpoints of 
teachers, their leaders primarily interested, as investigators, in ex- 
tending our knowledge into new fields of an ever broadening and deep- 
ening science. 

Along with this must also be reckoned the profound influence of 
German science upon that of America. As complained of by Professor 
Carmichael* our science has become practically an appendage of that 
of Europe (and especially of Germany) as witnessed by the character 
of the research in most departments of American universities. These 
various exhaustive and extensive research programs pursued by lead- 
ing professors and the ‘‘schools’’ which they represent demand dis- 
tinct limitation in the scientific interests of the workers which, unfor- 
tunately, spells the extinction of the general point of view. 

The General Biology Course, on the other hand, was born out of 
a more generalized condition and in a day of more limited knowledge. 
Uniting the genius of interpreter with that of investigator, Huxley 
was able to organize out of simple materials a course of great suggest- 
iveness and value which undoubtedly stimulated many students. The 
pedagogical theory underlying the course was that each type is both 
broadly suggestive in itself and also that, through their sequence, 
evolutionary progress is epitomized. The inclusion of both plant and 
animal types was defended on the ground ‘‘that the study of living 
bodies is really one discipline, which is divided into Zoology and 
Botany simply as a matter of convenience.’’ 

In the second edition of their textbook Huxley and Martin re- 
versed the order of animal forms, beginning with the frog, running 
down to the Protozoa and then up on the plant side to the Angiosperm. 

From that day to this we have had an unending series of experi- 
ments in the pedagogy of General Biology among writers in English 
recalled by the names of Parker, Gibson, Dodge, Boyer, Wells, Need- 
ham, Hamaker, Sedgwick and Wilson, Abbott, Conn, Calkins and 
others. Each of these books seems to be the embodiment of a sincere 
attempt to frame ‘‘a general biology’’ for the beginner in somewhat 
the spirit of one writing an introduction to philosophy. 

They disclose many influences. The book by Sedgwick and Wilson, 


* Carmichael, R. D., Science, Apr. 1, 1921. 
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really an unfinished task, apparently attempts to combine the Hux- 
leyan unified view of nature with a strong leaning toward the typi- 
cally German love of multitudinous details in its rather exhaustive 
treatment of the fern and the earthworm. Continual experimentation 
in the order or sequence of presentation of types characterizes these 
many elementary textbooks. 

The earlier, and we believe the better, of these works developed 
directly out of Huxley’s influence and, like that of their master, were 
based solidly on the idea of comparative general morphology and phys- 
iology. An example of these, and in our judgment, the best that 
has ever been written, both from a biological as well as from a literary 
standpoint, is Jeffrey Parker’s ‘‘Lessons in Elementary Biology.’’ 
This book embodies the virtuous realization that the student knows 
only the types presented which must serve as the tangible and material 
embodiment of the principles drawn therefrom. 

Unfortunately this fine common sense is nearly absent from many 
later works in which both author and reader seem to struggle vainly 
to get feet on solid ground. Many such works embody the results of 
recent and unconfirmed research, talk much about enzyme action or 
accessory chromosomes, and give the student the notion that he must 
reach up and pluck general principles out of thin air. 

Much poor teaching has been done in the name of ‘“General Biol- 
ogy,’’ and I revoice some of the criticisms of Professor Nichols* of 
the Yale Sheffield Scientific School, who not long ago published a de- 
tailed attack upon the value of this type of course. While believing 
that his views result, in the main, from bias, many of his points are 
well taken. 

Many courses, printed and unprinted, have been futile primarily 
because their builders fail to recognize the basic principle of any type 
course—that the types presented embody the realities from which both 
wider knowledge must spring and on which principles must rest. If 
this be true for distinct courses in Zoology and Botany, where subject- 
matter is more limited, it is much more the case in General Biology 
where the student’s thinking may range over a wider field. 

In our view the essential principle of a course in General Biology 
is that it be a series of elementary lessons upon a logically arranged 
series of suggestive type forms. The course should be conducted by 
a broadly-trained biologist with a view to developing in the student 


* Nichols, G. E., Science, Dec. 5, 1919. 
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the attitude of the appeal to nature for facts, upon which accurate 
thinking is based, as well as that liberation of the spirit which comes 
from reflection upon their broader meaning. 

From the standpoint of the student there are two considerations 
of importance. First, which method will give him the best scientific 
training in Biology while providing a single view of the entire field 
of living things, granted that he may find time for no further work 
in Biology? Second, which method would be preferable in ease he 
decides to go further or finally become a specialist? These complex 
questions are, in a measure, bound up with the nature of the eurricu- 
lum for, after all, a college exists largely for the purpose of sampling 
the stock knowledges which have come down to us with our social in- 
heritance. Biology purports to give an interpretation of the living 
world. This is a large order, so the student rightfully expects a clear 
panorama and a guide thereto. In our judgment this is best sup- 
plied by a course in General Biology whether he elects to go farther 
or not. 

The study of plants and animals together in their agreements and 
contrasts seems to us especially desirable. In our daily lives we deal 
with complex situations which have little in common beside the fact 
of their complexity. We learn more about these situations by econ- 
trasting them; the learning process, in life, progressing with the ability 
to drop out unessential factors. For this the training offered by work 
in General Biology may afford some practice. Moreover, biologically, 
the essential characters of organisms as plants, on the one hand, or as 
animals, on the other, are best brought out by comparison and con- 
trast. As, in a course in General Biology, this is done on material 
common to the several biological fields, it seems to us that a course 
of this character forms the best possible introduction for either the 
future botanist or zoologist. 

But we are not usually teaching for the benefit of the future spe- 
eialist. Our task, mainly, is to feed the prospective citizen with frod 
meet for his symmetrical development. For him, especially, do we 
see in the well-organized course in General Biology the best possible 
introduction to a balanced view of the facts of life as it not only 
epitomizes living nature but also the nature of things throughout time 
out of which man was evolved. Here we do not find plants by them- 
selves nor animal life apart but rather that symbiotic relationship for 
the appreciation of which, in one balanced view, General Biology 
should stand. 
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That this is not more often satisfactorily done seems to us to be 
due both to lack of pedagogical sense and judgment and also to the 
restrictions imposed by too special an early training. Sometimes, also, 
a very conscientious instructor makes the mistake of being too thor- 
ough, overloads his types with too many lessons, or chooses the wrong 
ones for them, reasonably, to illustrate. For example, on visiting a 
very good college some time ago, I found the notion manifest that, in 
presenting Amoeba in General Biology, every possible aspect and 
viewpoint should be stressed,—ocecurrence, distribution in time and in 
geographical range, morphology, taxonomy, habits, behavior, oecology, 
ete. This would, in our judgment, be a proper method for excluding 
normal students from the course. Moreover, each of the disciplines 
referred to above was visited upon all succeeding types, seriatim. 
This is mechanical thoroughness at the expense of both common and 
artistic sense, and course-making worth the name demands both. 

In another highly-esteemed college the biologist incorporates in a 
similar course the notion that it makes no difference at all what par- 
ticular specimen the student works upon. .To begin with one studies 
an amoeba, another an infusorian, another an alga or diatom or ento- 
mostracan or annelid. ‘‘Why worry?’’ They each and all embody 
the principles of Biology ! Moreover, the lectures seem to have nothing 
to do with the work done in the laboratory. 

/Among many such teachers is the idea prevalent that ‘‘it is per- 
sonality that educates.’’ All true, but in this case admirable person- 
ality survived in spite of handicaps. As well say ‘‘let us away with 
mere educational disciplines and converse with our students about 
what-not.”’ 

Nor can one justify the hodge-podge of throwing in now a few 
animal forms, now a few plants to insure variety. The brighter stu- 
dents soon get the idea that Biology is a sort of potpourri, a ‘‘footless 
science,’’ as a physician once expressed it to me. However, a reason- 
able sense of the spirit and educational philosophy back of good Gen- 
eral Biology teaching demands that each type be bulwarked with two 
sets of defenses, one for its individual] justification, the other for its 
right to its place in the sequence in which it stands. In this inheres 
what might be called ‘‘the dramatic unities,’’ a good course needing 
to resemble a drama to have human and intellectual appeal. Let us 
reiterate, also, that there is no such thing in science or literature as 
a continued climax. The plot must be broken up into divisions which 
are climactic in their sequence. 
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With these considerations bearing on the nature and conduct of 
courses in General Biology it remains to be stated that an elementary 
eourse of this character appears to become increasingly justified by 
each new large development in Biology. The essential agreements in 
ultimate structure between animals and plants brought out by Schlei- 
den and Schwann, by Max Schultze, by the selection theory and other 
hypotheses of evolution have been extended by more recent studies 
on chromosomes and on the mechanism of hereditary transmission. 
For the justification of the already strategie position of General Biol- 
ogy in the middle-ground between the two great ‘‘kingdoms”’ it is im- 
portant to realize that none of these great developments, above named, 
sprang solely from Botany or Zoology as such but always from laws 
inherent in the nature of both. If we can judge of the future from 
the past it seems reasonable to predict that the biological generaliza- 
tions of the twentieth century, like those of the nineteenth, must 
emerge from similar common sources. 

The General Biology Course gives also a peculiar advantage for 
the presentation of the facets of symbiosis and of interdependence be- 
tween plants and animals. This aspect has been developed extensively 
in the textbook by J. G. Needham, and the emphasis is legitimate, for 
in nature living forms have not evolved alone but as factors of an 
interdependent symbiogenetic complex of processes. Further, from 
a broader physico-chemical world view, in the light of Professor Hen- 
derson’s work on ‘‘The Fitness of the Environment,’’ we gain even 
a fuller confidence, that as an introduction to the principles of the 
science and as the most rational type of course for the beginner, Gen- 
eral Biology is beyond all question superior to distinet courses in 
Zoology and Botany. 

If it be urged that this type of course is too dependent upon the 
ability and personality of the teacher the answer is that the suecess 
of any course is likewise largely thus dependent. No subject will 
teach itself. 

Although biological principles in education are not always to be 
taken literally, as shown by the misuse of the biogenetie law as ap- 
plied to primary education, there are here applicable suggestive evolu- 
tionary principles which are of interest. The principal lesson of evolu- 
tion is not that man is an unfolded amoeba but that all life is one. 
Further, no evolutionary principle is more important than that the 
great groups of living forms, surcharged with capacity for adaptive 
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radiation, have sprung from generalized ancestors low down on the 
main stem of the evolutionary tree. In the organization of scientific 
courses the analogy seems justified that the more generalized the ap- 
proach the wider its suggestiveness, the greater the possibilities of 
future adaptation on a firm substructure into a widely-ranging gamut 
of specialized possibilities. 

It is further our belief that General Biology should be prerequisite 
to beginning courses in Zoology and Botany as such, as well as for 
special work in Bacteriology and Physiology in which courses pro- 
grams of laboratory work and lectures may be organized of much 
greater strength and thoroughness than would be possible with stu- 
dents having no such general background. <A further advantage in- 
heres in the fact that such courses in Botany, Zoology, or other special 
fields, attract mainly only those who feel some.beginnings of a special 
interest and fitness for work in these specialized directions. An econ- 
omy of both equipment and effort is thus effected. 

THE NorTH CAROLINA COLLEGE FOR WOMEN. 

GREENSBORO, N. C. 





NOTES ON THE OECOLOGY AND LIFE-HISTORY OF THE 
TEXAS HORNED LIZARD, PHRYNOSOMA CORNUTUM 
r By J. P. GIvLER 


It was my privilege during two summers spent in a study of Phry- 
nosoma in southern Kansas* to observe and record many facts of 
bionomie interest in relation to this well-known creature. The region 
named also made available for study directly in the field, in comparison 
with Phrynosoma, representatives of several other genera and four 
families of Lacertilia. In the laboratory comparative studies were 
made of general morphology, reproductive organs, eggs and embryos. 

The following account is intended to serve as a record of some of 
these observations and to present in one view a brief account of the 
bionomics of reproduction of this reptile. 


EMERGENCE FROM HIBERNATION 

In southern Kansas the Texas Horned Lizard comes forth about 
May first. When the ‘‘toads’’ first appear in the spring they are 
thin and emaciated, sluggish, and very dark in color. At first the 
males greatly preponderate over the females in numbers, being in the 
ratio of three or four males to one female. Later the females emerge 
in greater numbers, tending to equalize the sexes. 

From the beginning of their life, ex-hiberna, their activity is de- 
pendent, principally, upon the sun’s light and heat. In the morning 
they are very sluggish and, when touched, will scarcely move. Later, 
as they become warmed by the sun, they run about, seek ants and 
other insects as food and move with a sudden characteristic impetu- 
osity. They are warned at the slightest sound or movement and fre- 
quently stop to raise and lower themselves by their front legs, an 
amusing habit to be appreciated fully only by those who have seen it. 

During these early days of spring the Phrynosomas mate freely, 
the preponderance of males at the outstart, as well as the gradual 
emergence of the females, insuring the insemination of all of the latter. 
This is attested to by the fact that, among hundreds of eggs studied, 
only one was found infertile. 


SEXUAL DIMORPHISM 


Winton (’14) states for this species observed farther south that, 
especially in early spring, the yellow cervical crescents are much 


* Winfield and vicinity. 
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brighter in the females than in the males. This we were never able 
to find true of our Kansas specimens. Also, while Bryant (’11) states 
for the entire genus Phrynosoma, that ‘‘the presence of enlarged post- 
anal scales in the male is a dependable character for determining 
sex,’’ we have not been able to observe such difference in P. cornutum 
from southern Kansas and northern Oklahoma. In my experience 
positive separation of the sexes may be made in this species on the 
following criteria of body form. 

The torso of the males, between axilla and groin, is short and cir- 
cular; of the females long and elliptical. The tail in the males is 
longer and distinetly swollen at the root, both laterally and ventrally, 
due to the contained hemipenes. The tail in the female is shorter and 
tapers more rapidly from its base backward. It also lacks the basal 
swellings. The sex of juvenilcs may likewise be determined on these 
eriteria while that of advanced embrycs is apparent from the presence 
or absence of hemipenes. 

THE OVARIES 

In females opened early in May and prior to ovulation the ovaries 
present an interesting picture. Most conspicuous in each is a collection 
of about sixteen large eggs, yellow in color, at first about 7 mm. in 
diameter but later swelling to 8 or 9 mm. at the time of ovulation, 
surrounded by delicate follicles and globular in form except for flat- 
tening due to mutual pressure. 

While the number in each group is not constant there tend to be 
sixteen, making a total for the two ovaries of about thirty-two large 
eggs ready for ovulation. In some cases there are but ten or twelve 
eggs in each large group, in others, and but rarely, seventeen or 
eighteen. 

Examined separately, each egg displays a germinal dise clearly 
visible through the follicle and directed toward the point of attach- 
ment in the mesovarium. The dise is white, cireular and about 1144 
mm. in diameter. The borders, although fairly distinct, shade into 
the surrounding yolk. At the center of the dise is a small, yet dis- 
tinet, nucleus, about 0.5 mm. in diameter, and clearly discernible in 
good light to the unaided eye. 

Dorsad of these groups of large eggs ready for laying are to be 
found, in each ovary, eggs of smaller size, two to three mm. in diam- 
eter, and provided, each, with a small amount of yolk. These smaller 
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eggs are, in each ovary, divided into two groups, one placed laterally, 
the other mesially in relation to the mesovarium. 

Still further dorsad, or lying among, this second group of eggs, 
are ova of a third order as to size, as yet clear and apparently alecithal. 

The condition here observed obtains, doubtless, in many other 
vertebrates which show a strictly annual periodicity in their egg-lay- 
ing. So far as we know ovulation in this species takes place rather 
suddenly, the thirty-two-odd ripe follicles undergoing dehiscence 
within*a few hours, leaving the empty follicles to be resorbed and al- 
lowing the next order, or half-grown eggs, to develop to full size during 
the year following. Meantime the third, or smallest group, from 
among the remaining odgonia, acauires yolk in its turn. Thus, in 
Phrynosoma, we observe, in correlation with an annual periodicity in 
egg-group ovulation, an annual initiation of yolk-secretion by the 
follicles of groups of undeveloped odcytes against the layings of future 
years. According to the terms of this hypothesis the secretion of the 
yolk of any egg requires two years. 


THE OVIDUCTS 
In birds the ova are treated seriatim by the oviduct in the laying 
down upon them of the albumen, shell-membranes, and shell. The ovi- 
duct of the Horned Lizard, on the contrary, is adapted to the simul- 
taneous investment with albumen and shell of sixteen or more eggs 
earried tandem in its coils. A seriation in this process along the two 
egg-strings is practically absent, the albumen, which is serous in con- 
sistency and very small in amount, as well as the shell, being evidently 
secreted by the same region of the duct in situ rather than by sue- 
cessive regions traversed by the egg in its course. 


OVULATION AND EARLY DEVELOPMENT 

From a number of observations it is evident that, in Phrynosoma, 
maturation occurs immediately prior to ovulation and that fertiliza- 
tion ensues immediately upon the entrance of the egg into the ostium. 
In studies of lacertilian embryology the securing of segmentation 
stages is, however, very difficult. The writer was able to confirm the 
statement of Peter (’04) that there is no relation between the time 
of copulation and that of ovulation. Further, the same female may 
copulate more than once. 

Having no way to tell the exact hour of ovulation no method has, 
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to date, been published whereby the early segmentation stages might be 
found except by accident. Thus the series of embryos of Lacerta 
agilis, described and figured by Peter in his Normentafel, required 
six summers to complete. 

In my work on Phrynosoma, after much practice in external palpa- 
tion as well as in dissection of apparently gravid females, it became 
possible, in many eases, by palpation only, to distinguish between 
ovarian eggs and those which had passed into the ducts. The mass 
of large ovarian eggs is always smaller in area and more dense, that 
of the ovidueal eggs more diffuse and softer. I found, however, that 
the two conditions, unfortunately, merge at just the critical time, i. e., 
with approaching ovulation the ovarian eggs become larger, softer, 
and less well-defined, which condition merges with that of the early 
ovidueal ova. 

After much vexation caused by the sacrificing of females in which 
ovulation had not yet oceurred and others in which the embryos were 
too far advanced, and after seeking, in vain, aid through use of the 
flouroseope, I discovered that exploratory operations do the creatures 
practically no harm and hold out much promise for future success 
in this field of embryology. The animals recover and may be opened 
and sewed up again several times. If seeking segmentation stages one 
may thus await ovulation. If the eggs have passed into the ducts one 
of the latter may be dissected loose, ligatured at base and removed 
with its eggs, the other being left to develop further. 

It is interesting to observe that, whereas we are unable to explain 
the cause of ovulation the dehiscence of about thirty-two large folli- 
eles takes place, so far as we know, almost simultaneously. A change 
sO momentous requires an adequate cause. Up to the time of ovulation 
the ova are held firmly in their follicles. (There are no visible cica- 
trices in Phrynosoma.) Then, suddenly, the ova are all shelled out and 
rapidly engulfed by the ostia. 

The time-relation between copulation and ovulation has been much 
studied by vertebrate embryologists with two main results. In some 
vertebrates, as in the rabbit, a definite interval (nine or ten hours) 
has been found to exist. In others, as the lizards, there is no known 
time-relation. 

Although we have no evidence to that effect it is our belief that 
ovulation in Phrynosoma must depend upon the liberation of a hor- 
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mone,—where, and under what circumstances secreted we are now un- 
able to state. 


GENERAL FEATURES OF EMBRYONIC DEVELOPMENT 

In the correlation of stages in lacertilian embryology we are greatly 
aided by the Normentafel of Peter (’04), on Lacerta agilis, in the 
Keibel series. But while in general parallel, the ontogenetic develop- 
ment of Phrynosoma is more extended and, in the later or foetal stages, 
much more specialized than that of Lacerta. These later differences 
depend but little on any diversities inherent in the two families rep- 
resented but rather on the emergence of highly spevialized generic 
characters, such as the shortened and broadened body, horns, and 
rosettes of scales, the appearance of which overpowers the more fun- 
damental iguanid characters. 

We are here, however, concerned with the oecology of this reptile 
in relation to reproduction. As one species of Phrynosoma is vivip- 
arous and others oviparous an interesting problem exists in the re- 
lation of the period of egg-laying to the stage of development attained 
at that time. In the common fowl the egg is laid while the embryo 
is undergoing later segmentation. In lizards the eggs are usually re- 
tained much longer, the coelomic cavity of the mother serving as an 
incubation chamber for the eggs lying within the convoluted oviducts. 
The precise stage at which laying takes place seems to be a matter of 
no consequence, lending. itself easily to the development of the ovo- 
viviparous habit of P. douglassi, in which species the eggs hatch while 
or immediately after being laid. There is reason, also, for the belief 
that captivity extends the pre-laying period, in reptiles, by several 
stages. 

In P. cornutum I found little constancy in this matter, some laid 
eggs being as early as Peter’s stage 22, others as late as stage 28 or 30. 
Lizards being poikilothermal much must depend on the temperature 
of soil and air as well as on the time necessary for the gravid female 
to find a situation suitable for a nest. Specialized generic and specific 
characters also here tend to prolong the ontogenetic period within the 
egg and to extend it beyond the range of Peter’s series, his final stage 
(36) being comparable to Phrynosoma embryos several days and 
stages removed from the laying period. 

As above stated the coelomic cavity serves, during the breeding 
season, as a brood-pouch, the 30 or 35 eggs packing it so full that 
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gravid females present a ‘‘stuffed’’ appearance. Within their leathery 
shells the eggs float in a sero-albuminous liquid and so easily that the 
blastoderms, after the shells are formed, invariably float upward, as 
in the laid eggs of the fowl, directed toward the back of the mother 
on which the rays cf the sun fall. During the first few hours after 
the ova are received by the ostia, and before the shells are formed, the 
germinal dises are directed cephalad, a circumstance which seems to 
spell suction by the ostium, the dises of the ovarian eggs being invari- 
ably directed dorsad and away from the point of dehiscence of the 
follicles. jAs the body of the mother is much flattened the eggs lie 
usually in but one layer and never far from the dorsal surface. The 
utility of this form of body as an incubator is thus evident. 


THE ROLE OF WANDERING MESENCHYME CELLS 

As shown by Jarvis (’08) the germ-cells of Phrynosoma arise out- 
side the embryo upon the yolk-sae and migrate along the yolk-stalk to 
the germinal ridges. Stockard (715), more recently, has made an 
elaborate study of the réle of wandering mesenchyme, showing its 
importance in the development of Fundulus. 

It was my privilege, in the examination of embryos of many stages 
in Phrynosoma, under the binocular, both to observe the development 
of the circulation and its course in the embryonic vessels, and also to 
witness the importance of extra-embryonic amoeboid cells (wandering 
mesenchyme?) which appear in large numbers in the yolk beneath 
the embryo in this lizard. 

Very soon after embryonic development begins these amoeboid cells 
may be found, first in a thin layer and later in a dise-shaped mass, in 
the thin yolk under the embryo. The mass referred to is of a yellow- 
ish-green color. The individual cells are hyaline or faintly granular 
and show active amoeboid movement. That these cells are important 
in many ways in histogenesis seems certain. They warrant a thorough 
study in this or a related reptile in the spirit of Stockard’s work on 
Fundulus. 

EGG-LAYING AND INCUBATION IN THE NESTS 

The nest-building and egg-laying habits of this species have been 
studied by Strecker (’08) in Texas and my observations are in essen- 
tial agreement with his. The female digs out a slanting burrow 
several inches in depth on a sloping hillside and prefers a site just 
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under a projecting ledge of rock. While it may be unwarranted to 
state as a general principle, all nests that I have observed faced the 
east. 

The burrow exeavated to such depth that the female is about hid- 
den from view, she lays therein the cream-white, leathery-skinned 
eggs. The eggs are elliptical in form and measure 15 mm. in 
length by 10 to 11 mm. in diameter. They are dropped into the 
burrow one at a time. Each egg is covered over with a thin layer 
of dirt, seraped down by the hind legs of the mother, before the next 
egg is laid. Finally, the eggs all laid, the female packs the nest with 
the remaining dirt, smoothes it off and seurries away. After a day 
or two, the site is indistinguishable. 

So far as known to the writer egg-laying may occur, in Kansas, 
anywhere between the end of May and sometime late in July. I have 
no facts to offer regarding the duration of the incubation period which 
Strecker states to be from 35 to 40 days in Texas, except that it must 
vary with the stage reached at laying and the temperature. 

During this entire study no aspect was more interesting than that 
of the mutual fitness of the developing eggs in their envelopes with that 
of their earth-nest environment, which serves as a temperature and 
moisture-controlling brood-pouch. Through some inherited complex 
of instinets the female selects a site combining the advantage of drain- 
age, roofing, exposure to heating by the sun, and ventilation. Under 
certain conditions they become turgid and swell, but shrivel like a 
raisin when allowed to dry. When the latter occurs the eggs are 
vulnerable to the attacks of ants, the mandibles of the insects cutting 
through the folds of the shell. When the shell is turgid and smooth 
the ants ean do nothing of the kind. 

Daily observing the creatures in their environment the realization 
is born in upon one that they are literally autochthones, born of the 
eareful regulation of conditions in which they have evolved. 

DEVELOPMENT OF CHARACTERISTIC EXTERNAL FEATURES 
OF THE EMBRYO 


In so brief an account but little may be said upon this subject 
except to state that the early stages, as shown by the figures here 


demonstrated, are characteristically reptilian. About stage 32, how- 
ever, phrynosoman characters put in their appearance, the rosettes 
of large dorsal scales being heralded by single rounded protuberances. 
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At the same time the Iguanid tail shrivels distally to the more abbre- 
viated condition of Phrynosoma. Later, stage 33, the surrounding 
eirclet of scales, appearing in the adult around the large dorsal scales, 
is laid down as an annular anlage, later to be pinched off into its 
separate scalar elements. 

Pigmentation first appears in the cervical bilateral patches as black 
markings about stage 35. Rapidly thereafter the pigment appears in 
the large scalar rosettes caudad. It is interesting to observe that, in 
the spread of this fundamental scheme of pigmentation, two gradients 
are to be observed, one spreading caudad, the other laterad. 

As might be expected the horns, characteristie of these lizards, are 
late in appearing, being seen first with stage 36. 

The newly-hatched young are pale in color, precocial, and may be 
found within a very few days, seeking insect food in the manner of 
their elders. 

THE NorTH CAROLINA COLLEGE FOR WOMEN. 

GREENSBORO, N. C. 
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A MAGNETITE-MARBLE ORE AT LANSING, N. C.* 


By W. S. BayLey 
PLATES 24-27 
INTRODUCTION 

Near the village of Lansing in Ashe County, N. C., is an iron mine 
from which is being taken an ore which differs materially from all 
other iron ores in the State and which resembles in some respects the 
iron ores obtained from the Franklin limestone in New Jersey. The 
mine which is the property of the Ashe Mining Co., is on the Virginia- 
Carolina Railroad alongside Horse Creek, and about half a mile south- 
east of Lansing Station. (See map, pl. 24.) 

Pratt! refers to the locality under the name of the Waughbank 
property as follows: 

** About 100 yards from the creek a tunnel was run by the Penna. 
Steel Co. The tunnel has a direction of N. 40° E., and at a distance 
of 100 feet a crosscut was made extending 46 feet S. 40° W. 

‘*This erosscut showed ore for its whole distance, making the width 
of the ore deposit over 30 feet. This ore is composed of coarse granular 
magnetite in a matrix composed of micaceous material and manganese 
oxide.’’ The vein was estimated by Pratt to be 70% ore. Analyses 
of a fair sample of the vein (I) and of a selected sample of the mag- 
netite (II) gave: 


Fe Mn P Ss Ti 
46.25 4.34 .026 .027 tr 
67.25 1.68 





This is evidently the same deposit as that described by Nitze? 
as ‘‘Ballou’s Horse Creek ore bank.’’ At the time Nitze wrote the 
opening was in the ‘‘shape of an undercut in the side of the hill into 
which it extends perhaps 50’ as a slope.’’ The seam, the dip of which 
‘‘is apparently towards the northeast,’’ is at least six feet wide, the 
lower two feet being the harder. Nitze’s analyses correspond closely 
with those furnished by Pratt. They are as follows: 


SiO, Fe Mn Ss P P ratio 
1.96 62.48 3.66 .072 .019 .030 
4.58 54.02 6.85 .007 O11 .017 


* Published with the permission of the Director of the U. S. Geological Survey and the 
Director of the N. C. Geological and Economic Survey. 

‘Pratt, J. H., The Mining Industry in North Carolina ane 1911 and 1912. N. C. 
Geol. and Econ. Survey, Economic Paper No. 34, ». os 191 

2? Nitze, H. B. C., Iron Ores of North Carolina. . C. Geol. "Survey, Bull. No. 1, p. 156. 
1.93. 
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Capt. Geo. W. Cooke, who is operating the mine for the company, 
declares that the present mine is on the Waughbank property but that 
the original opening which dates back as early as 1828 was on top of 
the hill about 50 feet above the present tunnel and was in an entirely 
different kind of ore. The tunnel of the Penna. Steel Co. was opened 
about 15 years ago into the lower portion of the Waughbank deposit. 
It is parallel to the present tunnel, about 40 feet above it and about 
100 feet further west. It is frequently referred to as the upper level. 
At its end, at the bottom of the Waughbank pit, a little limestone ore 
was encountered, but most of the ore developed by it was of the sili- 
ceous type like that at Cranberry. The relations of the two tunnels 
to one another and the mutual relationships of the siliceous ore and 
that now being worked are shown in the sketch, pl. 25. 


THE ASHE MINING COMPANY’S MINE 

Mineral Composition of the Ore:—The ore of the deposit now 
being worked is essentially a coarsely granular intermixture of mag- 
nesian marble and magnetite (pl. 26). Here and there are particles 
of quartz but they are rare. The carbonates are in large grains with 
perfect cleavage constituting a white marble. The magnetite is in 
irregular though slightly elongated grains seattered through the 
marble, producing an ill-defined schistosity, which is emphasized by 
the occasional accumulation of the magnetite grains in lenses with their 
long axes parallel to the obscure schistosity of the matrix of carbonates 
and magnetite in which they lie. (See pl. 26.) In a few places the 
rock is markedly schistose. This is brought about either by the oe- 
eurrence of many of the magnetite grains in plates, suggesting the 
plates of hematite in specular ores, or by its occurrence in numerous 
small lenses elongate in parallel directions. Many of the elongate 
grains are sheared and drawn out into lines or rows of sharp-edged 
particles. The carbonate grains associated with the magnetite show 
no similar elongation, but the schistosity is often accentuated by the 
presence of calcite veins or layers running in the same direction as 
the lines of magnetite plates. Evidently the carbonates have been en- 
tirely recrystallized since the rock’s deformation. Here and there 
through the mass are embedded small garnets, which in many eases 
are altered so as to give rise to light brown stains. 

A typical lean ore in thin section shows coarse-grained aggregates 
of two colorless carbonates, of which one is calcite and the other prob- 
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ably dolomite, a few plates of phlogopite and large irregular masses 
of magnetite. The mica is in streaks of plates extending in nearly 
straight lines through the section with the individual plates lying be- 
tween adjoining carbonate grains and more frequently than otherwise 
near the magnetite. This mineral is often in large areas with very 
ragged boundaries, the salients of which project considerable distances 
between the grains of carbonate, or between contiguous twinning 
lamellae. Occasionally a smaller grain appears to be enclosed in grains 
of what is regarded as dolomite, and in other instances the larger 
masses appear to enclose small grains of the carbonate. From the fact 
that the carbonate inclusions polarize uniformly with the large car- 
bonate grains surrounding the magnetite it is thought that the ap- 
parent inclusions are merely portions of projections that extend into 
the embayments of the magnetite and that their appearance as inclu- 
sions surrounded by magnetite is due to the fact that the section was 
eut through the boundary between magnetite and carbonate. 

The richer ore differs from the poorer ore mainly in the larger 
sizes of the distributed magnetite grains and especially in the much 
ereater sizes of the magnetite lenses. Some of the latter are a foot 
or more in length and five or six inches in diameter. A photograph 
showing the contact of one of the lenses with the surrounding marble 
is reproduced in pl. 26. 

The greater portion of the ore, as has been related, is mainly a 
coarsely crystalline marble containing grains and lenses of magnetite. 
In many places, however, it contains dike-like masses of a bright 
green color, which proves to be a fine-grained aggregate, mainly of 
granular actinolite which, where shearing occurs, is changed to a mass 
of fibres of bright green actinolite. Often magnetite is present in the 
granular aggregate, and this is noticeably more abundant near the 
contact of the green layer with the marble. Indeed it not infrequently 
happens that there are distinct lenses of magnetite at the contacts of 
the two rocks even though magnetite may not be present elsewhere 
in association with the green rock, and occasionally a continuous thin 
layer of magnetite separates the two for considerable distances. The 
actinolite layer passes into the carbonate rock by a very gradual tran- 
sition—the actinolite becoming less and less abundant until it forms 
a very small portion of the mass. 

In this section the actinolite mass is discovered in reality to be 
complex. It consists of an aggregate of thin layers and flat lenses 
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made up mainly of-equi-dimensional prisms of actinolite that are 
pleochroie in very light yellowish green and emerald-green tints. 
These alternate with equally thin layers of carbonates. The maximum 
extinction of the actinolite is about 20°. Among the actinolite prisms 
are scattered a few large grains of carbonate, a very few large plates 
of a colorless mica, perhaps phlogopite, and large irregular masses of 
magnetite. The actinolite appears as though in crush zones, and its 
individual prisms have a general parallel elongation in the direction 
of the layers. In many cases the magnetite masses are crossed by tiny 
eracks filled with calcite. It is noticeable that the major portion of 
the magnetite within the layer characterized by the actinolite is usu- 
ally associated with the carbonates that are always present in it, 
In some places, however, the magnetite and actinolite are so free from 
earbonates that the rock is locally a magnetite-actinolite schist. 

Around the lenses of magnetite in the marble are often envelopes 
of actinolite and often there are veins of actinolite cutting through 
them. In these cases the magnetite is cleaved so that the lenses appear 
to be granular masses composed of elongate grains of the magnetite. 
The long dimensions of the magnetite and the long directions of the 
actinolite fibers in the veins are parallel, but there is no definite re- 
lation between the elongation of the fibers and the directions of the 
veins. The fibresity may be parallel to the walls of the veins, per- 
pendicular thereto, or inclined to them at any angle. Whatever their 
direction with respect to the veins, they are all parallel within the 
mass of a single hand-specimen. 

In other specimens veins of actinolite traverse masses of magnetite 
and marble, and sporadie garnets appear in the mass. 

The suggestion furnished by the sections is that a mass of marble 
and magnetite, with some actinolite, became shattered as the result 
of movements, and the cracks between the fragments of magnetite were 
filled with actinolite formed from magnetite and some of the constit- 
uents of the marble by metamorphosing processes during the course 
of this movement. In some eases ealeite which was undergoing reerys- 
tallization at the time was also foreed into the fractures. 

There was evidently motion in the rock-mass also after the actino- 
lite was formed and after the magnetite was shattered, sinee there 
are present in the rock slickensides coated with acicular actinolite, in 
many eases to a thickness of one-half aninchor more. Inthese cases there 
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are usually layers of magnetite next to the actinolite, and in the mag- 
netite are frequently small streaks of pyrite. That these various de- 
formations produced little effect upon the structure of the carbonates 
is due no doubt to the fact that these have reerystallized since the 
action of the forces producing the deformations ceased. 

Here and there through the ore there is also considerable dark 
hornblende. It oceurs in large quantity in some fragments on the 
mine dump. It apparently is in fairly large dikes in which horn- 
blende, magnetite and frequently garnet are intermingled. Where 
the hornblende is in dikes a foot or more wide their interiors are 
coarse black hornblende free of garnet. In the smaller dikes, on the 
other hand, the hornblende masses often enclosed small lenses of lime- 
stone, which have been nearly completely changed to pink garnet. In 
some instances garnet and hornblende are in equal quantities. The 
limestone in contact with the hornblende is often banded and it fre- 
quently contains lenses of magnetite. In contact with the hornblende- 
garnet is a narrow layer of fine-grained hornblende, carbonates and 
pyrite with the latter usually in very thin seams parallel to the bound- 
ary. Beyond this are bands of carbonates and magnetite and of 
earbonates and black mica. The banding is thus the result. of con- 
secutive layers of coarse black hornblende, aggregates of black horn- 
blende and red garnet, aggregates of fine-grained dark and light horn- 
blende, thin seams of pyrite and of carbonates, streaks of magnetite 
and finally layers of carbonate and black mica. There is no common 
elongation of the carbonate grains in the limestone, but the rock in 
the neighborhood of the dikes has a distinet schistosity due to the 
parallel arrangement of the layers. 

Often near the borders of the ore deposit and occasionally within 
its mass are also irregular aggregates of red garnet, black hornblende, 
magnetite and carbonates in which the garnet is predominant. The 
hornblende on the whole looks as though it were intrusive and the 
garnet as though it were a contact product between hornblende and 
the carbonates. These aggregates are traversed by little veins of white 
calcite and colorless quartz and contain here and there nests of these 
minerals, which are unquestionably secondary. 

Pyrite is not common anywhere in the ore. It occasionally occurs 
as thin layers between the layers of granular, light green hornblende 
and the marble, and in a few places scattered through the magnetite- 
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marble rock in large masses that enclose particles of the other com- 
ponents. Some of the particles are plainly large skeleton cubes, poiki- 
litically developed. In other words, they possess the sieve structure 
which is characteristic of minerals formed later than the rock in which 
they are found. In some eases the pyrite apparently replaces calcite 
and in other cases magnetite. It is believed that it was not a part of 
the original rock but was subsequently introduced. 

Veins in the Ore :—In places fine-grained feldspar-quartz veins eut 
the hornblende-magnetite masses. In thin section the vein rock 
is seen to be badly crushed—the quartz areas are aggregates of small 
quartz grains and the former feldspar grains are now aggregates of 
small, very light yellow epidote grains. There are, however, no sharp 
boundaries between the feldspar and the quartz areas. These have 
been obliterated by the crushing. The quartz areas near their borders 
are full of epidote grains and the epidote areas contain nests of quartz 
grains and, further within their interiors, individual grains of quartz. 
Moreover there are little veins of epidote in the quartz, and vein-like 
lenses of quartz in the epidote aggregates. 

The contacts of the veins and the hornblende masses are also far 
from sharp. Occasionally there is a streak of small pink garnets sepa- 
rating the two, but for most of the distance the epidote aggregate pen- 
etrates the hornblende mass, and hornblende grains are embedded in 
the epidote. The hornblende mass consists mainly of large erystalloids 
of hornblende—yellow-green—with large nuclei composed mainly of 
partly amphibolized light yellowish augite. Often the partially al- 
tered pyroxene comprises three-fourths of the area of the grain, and 
around it is a zone of compact green-yellow bornblende with sharp 
fibrous projections extending from the more compact portion, Ex- 
tinetions of 24° against the cleavage in the surrounding zone and of 
45° in the nucleus are characteristic. In the spaces between neighbor- 
ing pieces of hornblende are small nests of quartz and ealcite and often 
in pieces of the amphibole that are not so compact are enclosures of 
quartz and many more of calcite. Often the areas between the large 
amphibole ‘grains are filled with quartz and carbonate grains and 
spicules of green hornblende, but in no case seen do the spicules 
actually cut through the carbonate and quartz. These minerals appar- 
ently simply fill in the spaces between the spicules. 


These fine-grained veins are believed to be small veins of pegmatite 
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that have been completely granulitized, and thus have lost all traces 
of their granular structure. It is significant that few garnets occur 
at their contacts with the hornblende through which they pass, but 
that, on the other hand, garnets are frequently found between the 
hornblende masses and the marble surrounding them. Where peg- 
matites cut the country gneiss in the vicinity of the mine large garnets 
occur in the gneisses near the contact. It may be fair to assume there- 
fore that the hornblende masses are a part of the pegmatite, since 
upon this assumption the presence of garnets between them and the 
marble is easily explained as due to contact action. Moreover, the 
hornblende is an altered augite—and in the Cranberry area in Avery 
County the pegmatites associated with the ore were originally an 
augitie variety. 

The relations of the pegmatite, hornblende and carbonates, to- 
gether with the presence of garnets and of streaks of magnetite near 
the borders of the hornblende are suggestive of contact action. In the 
old Waughbank Mine the ore was of the same character as that in 
the Cranberry Mine. If the views of Mr. Cooke are correct the 
Waughbank ore gradually passed into the limestone ore now charac- 
terizing the Ashe Mining Company’s Mine. There is very little definite 
pegmatite in the present mine unless it is represented by the horn- 
blende streaks and the fine-grained veins described above, but there is 
pegmatite in abundance in the old Waughbank openings. The horn- 
blende streaks in the mine now operating may very well have been 
very basie phases of augitic pegmatite, which added iron and perhaps 
silica to the limestone and brought about contact action by which gar- 
nets, phlogopite and actinolite were produced. 

Chemical Composition of the Ore :—A selected sample of the rich- 
est ore freed from adhering limestone was analyzed by J. G. Fairchild 
of the U. 8S. Geological Survey, with the result shown below. The anal- 
ysis* of the magnetite separated from the ore of the Ahles Mine 
in New Jersey is given in II for comparison. The Ahles ore is in 
limestone. 


* Bayley, W. S. Iron Mines and Mining in New Jersey. Vol. VII of Final Report 
Series of State Geologist, Trenton, N. J., 1910, p. 111. 
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CHEMICAL COMPOSITION OF MAGNETITE FROM THE LANSING 
MINE, N. C., AND THE AHLES MINE, N. J. 
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The analysis of the Lansing ore is that of a very pure magnetic 
ore. A ealeulation indicates the presence in it of the following com- 
ponents: 


CALCULATED MINERAL COMPOSITION OF LANSING ORE 


POTD Saicainsssnnvcacinecsccasnicecnisuncditancibaiainieiianbiinct maadisthlimasantenial 81.0 
PRIMI. «cic kc caus tcrssaalcdsicassintioiastanenatnuldpanicuacttcnakadabmccmisatetaiglbiicen 5.6 
II dns ucihinsaivasiisiouatactotsntiinwnasdacsansnnedrinviminsniianatonteitieelorsaeh 2.6 
NIIIIIIR <1, sarc coe clas esbdiseianleinapaienaitssebincessie gtbench acsdipbealsiceisadiioaseladadaaatadareconediaa 4.5 
Pyrite 
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100.0 


The magnetite is remarkably pure. It evidently contains a little 
manganese, but is free from titanium. In these respects it closely 
resembles the magnetites in the Franklin limestone in New Jersey.* 
The percentage of Fe indicated by the analysis is 61.58% and of 


* Bayley, W. S. Final Report Series of the State Geologist (New Jersey), 7: 111. 1910. 
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Mn 2.33%, but this analysis is of a selected sample from which ma- 
terial other than magnetite has been removed as thoroughly as possible 
by careful hand-picking. The ore furnished to the Cranberry Furnace 
is shipped as taken from the mine, without crushing and careful se- 
lection. This, therefore, is much lower in iron, and indeed consider- 
ably lower than the minimum limit for ordinary magnetic ore$ but 
because of its extremely low phosphorus and high ealeium is acceptable. 

Some of the marble-magnetite is too poor in iron to be regarded 
as an ore, but by rejecting this the balance passes as an ore which 
though possibly low grade with respect to iron is available to the 
furnace because practically all the material that is not iron is a mix- 
ture of calcite and dolomite which serves as a flux. An analysis of an 
average specimen of the marble made in the laboratory of the U. 8. 
Geol. Survey by Mr. Fairchild gave: MgO — 9.17%, CaO = 26.32%, 
and CO, = 34.28%, corresponding to a mixture of MgCO., and CaCO, 
in the proportions 1:2, and an excess of 314% CO,, a large part of 
which is in MnCO,,. 

Analyses of many carload lots of ore made at the Cranberry Fur- 
nace at Johnson City prior to the summer of 1919 showed limits of 
36.43-52.93 for Fe and .0094-.0114 for P. A series of analyses of 7 


cars received during the summer of 1919 gave :° 


RI sccinicindistecenaiounaialats 40.65 42.76 4646 39.07 40.65 35.11 38.54 
PHOSPhOTUS — «-e.-eeeeeesseeee 0062 §=.0052. 0052) «0052s «0042 = 0062 = .0057 
One analysis® of a ear of ore very low in iron yielded Fe — 30.52, 


P — .0052 and CaO — 17.84. This is equivalent to 42.14% magnetite 
and 31.86% CaCO,, or a total of 767. There was no record made of 
the other 24%. 

The Ore Body :—The ore body of the mine is reached by a tunnel 
running 150 feet into the base of the hill just above the level of Horse 
Creek in a direction N. 40° E. It is in the foot wall, which is a ght 
gray hornblendie gneiss that may belong with Keith’s Cranberry 
granite, which is archean in age. Between this eneiss and the ore- 
body is a thin layer of gray mica schist, that may readily be a result 
of shearing of the gneiss along the contact. Immediately above the 
ore is another thin sheet of a similar schist and above this a light gray 
fine-grained gneiss that may be a part of the Cranberry granite. 


5 Furnished by Pres. F. P. Howe, Cranberry Furnace Co., Johnson City, Tenn. 
® Made by Cranberry Furnace Co. Furnished by Mr. Cooke. 











1922] A MAGNETITE-MARBLE ORE at LaAnsine, N. C. 147 

The greater part of the country rock is a coarse gray banded gneiss 
that looks very much like a squeezed porphyritic hornblende granite, 
perhaps a phase of the Blowing Rock gneiss, also placed by Keith in 
the archean. This is interlayered with light-colored gneiss which was 
originally an augitie syenite. It now consists of large anhedrons of a 
microperthitie feldspar, large light green masses of amphibole, con- 
taining here and there nuclei of pyroxene, and surrounded by a border 
of tiny epidote erystals lying in all azimuths. There are also present 
a small quantity of brown biotite and a few large grains of quartz. 
The feldspars are crushed around their edges into a fine-grained mass 
which now consists of quartz, epidote and pale green amphibole. 
These gneisses are intersected by veins of pegmatite that is almost 
devoid of dark components, and on the borders of which are large 
garnets. In many instances the feldspar of the pegmatites is partially 
changed to epidote as at Cranberry. In a cut on the railroad layers 
of hornblende schist are in the gneisses, and along these shearing took 
place with the preduction of actinolite-asbestos.  . 

The ore body is sharply marked off from the country rock by the 
layers of schist below and above. In shape it appears to be irregular. 
In general it strikes a few degrees E. of North and dips about 36° 
S. E. In a portion of its course the dip and strike are regular, indi- 
cating a width of only four feet and in some places the ore is cut out 
entirely by what appear to be great fragments of the country rock or 
by small faults. Near the present end of the tunnel the ore body 
was apparently chimney-like. It was encountered in an old hole on 
the surface above the tunnel and was followed downward in a small 
steeply pitching shoot into the present ore body, where it expands into 
a sheet with the dip and strike of the surrounding gneisses. At the 
foot wall is a narrow seam of calcite that appears to be secondary as 
it sends veinlets into the contiguous ore and gneisses. 

In mass the ore appears distinctly schistose. On its borders are 
selvages of garnet and hornblende, several feet thick. Within these 
the ore is fairly uniform in character, varying only in the proportions 
of magnetite and carbonates present. Here and there near its edges 
are pockets of loose magnetite, especially near the foot wall, where 
the sparse carbonate cement in lenses of granular magnetite may have 
been dissolved by percolating water. The pyrite that has already 
been referred to is confined almost exclusively to the borders of the ore 
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body and to the vicinity of little veins of hornblende cutting through 
it. It is apparently most abundant where shearing has taken place. 
From the main mass of the ore body the mineral is entirely absent, so 
that it has no bad effect upon the ore. Through the ore are small 
vein-like masses of coarse black hornblende or of hornblende and mag- 
netite all running parallel to the schistosity of the ore, which is paral- 
lel to the general strike of the ore body, thus accentuating the strue- 
ture. In some eases there are also present in the limestone streaks of 
magnetite that suggest very strongly little dikes. These are rarely 
more than 114 inches wide. Their walls are nowheré sharp, but on 
the contrary on their margins the magnetite layers pass into the 
marble by gradations, the carbonate grains hecoming more and more 
abundant toward the marble side of the contact until finally the rock 
becomes essentially a nearly pure marble. The thin section shows the 
magnetite streak to be an aggregate of carbonates, actinolite and mag- 
netite, with the last named of course predominating. 

The mine has been operating for only a short time. About 500 
earloads of ore had been shipped to Aug., 1919. At present the ex- 
posed faces of ore suggest the existence of two sheets parallel to the 
foliation of the country rocks. The explorations are not sufficiently 
extended to show how far the sheets are continuous, consequently 
there is no means of estimating the magnitude of the reserve. The 
lower sheet is believed to pinch out just beneath the floor of the tun- 
nel, as is indicated in the cross section on pl. 25, but its extension in 
other directions is entirely unknown. The upper sheet has been shown 
by a raise to extend from the tunnel level to near the surface but there 
is no evidence to show how far it extends beneath the tunnel or beyond 
the sides of the raise. Although the vein looks more regular at its 
present depth than it was nearer the surface, nevertheless there is no 
certainty that it will not suddenly become broken and irregular. 

Origin of the Ore :—If the theory‘ with regard to the origin of the 
Cranberry ore is correct, and the magnetite in this deposit is due to 
deposition from ascending hot liquids and gases brought upward by 
augitic pegmatites, then it seems probable that the marble ores are 
likewise the result of pegmatitie solutions. Old limestones were meta- 
morphosed by soluticns depositing magnetite and producing horn- 
blende and aiding in the development of garnet and actinolite from 


7 Bayley, W. S., The Magnetites of North Carolina—Their Origin. Econ. Geol. v. 16, 
no. 2, March, 1921, pp. 142-152. 
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the constituents of the limestone. That the actinolite is in more or 
less distinct layers may well be due to the presence of argillaceous lay- 
ers in the original limestone. The production of the actinolite in part 
at least seems to have been subsequent to the deposition of the mag- 
netite, but that its production was promoted by pegmatite solutions 
seems to admit of little doubt. The distribution of the components of 
the ore is such as would occur if they were produced by pneumato- 
thermal contact action, emanating from dikes of pegmatite. No dis- 
tinct dikes of pegmatite are to be seen cutting the limestone ores, but 
they are believed to be represented by the small veins of quartz and 
epidote that traverse it, by the aggregates of epidote and magnetite 
and those of hornblende and magnetite that appear as streaks in it 
and by the lenses of dark hornblende that ocevr here and there. The 
epidote is believed to represent the feldspar of the pegmatites. All 
gradations between pegmatites in which the feldspar is only slightly 
epidotized and those in which all the feldspar has been replaced by 
epidote are common in the Cranberry area. At Lansing very little 
of the pegmatite magma reached the position of that portion of the ore 
body now being worked, but the gases and liquids travelled along the 
contacts between the limestone and the gneiss, penetrated the lime- 
stone near the contacts and caused the deposition of magnetite and 
the production of garnet which have been described as forming a sel- 
vage on the borders of the ore body. 

Similar Ores Elsewhere :—The only other point in the state at which 
similar magnetite-marble ore is known to exist is a few yards north 
of Dr. Jones’s residence, about a third of a mile northeast of the rail- 
road station at Lansing and three-quarters of a mile north of Capt. 
Cooke’s mine. Here a hole was put down at a place where there was 
much magnetite in the soil. At the depth of 25 feet a big piece of 
limestone was encountered in the midst of the gneisses, with man- 
ganese ore on opposite sides. The hole is now filled but on the old 
dump, which has almost entirely disappeared, a fragment of antinolitie 
rock was found that is unquestionably a metamorphosed limestone 
consisting of calcite, actinolite and tremolite. 

Since returning from the field the study of the specimens collected 
suggests that possibly the Red Rock Mine about 1144 miles southeast 
of Shell Creek in Carter County, Tenn., and one mile from the North 
Carolina State line is another similar deposit, but information of the 
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character of its ore is furnished only by the fragments on the dumps. 

Marble in the pre-Cambrian near Toecane :—The rarity of marble- 
magnetite ores in western North Carolina may be due to the fact that 
the limestone beds themselves are rare. Their best known occurrence 
is in a cut on the C. C. & O. R. R. at Intermont, which is about four 
miles south of Toecane in Mitchell County. The limestone is a coarse 
white marble associated with gneisses and pegmatite. It is mapped by 
Keith as being in the Carolina gneiss—a series of micaceous and gar- 
netiferous schists and micaceous, garnetiferous and eyanitie gneisses, 
which are believed to be the oldest rocks in the region. Keith’ de- 
seribes the marble as occurring in two bands alternating with mica- 
gneiss and dipping 50° S. E. The rocks are cut by a pegmatite vein, 
which passes in places across the beds and in other places along them. 
The upper layer is said to be 70 ft. thick and the lower layer 8 ft. 
with a 10 ft. thick layer of mica gneiss between them. The marble is 
white and coarsely crystalline. It consists of 55% CaCO, and 45% 
MgCO.,. The contacts of the marble with the contiguous gneiss are 
said to be sharp. Contacts with the pegmatite are equally sharp, but 
in some places between the marble and pegmatite is a thin contact 
vein of actinolite which grades into the marble. Inclosed in the lower 
marble is also a small mass of actinolite and serpentine. The marble 
is supposed to be a metamorphosed sediment interbedded with silicious 
sediments now represented by gneisses and schists. 

A sketch of the exposure is reproduced in pl. 27. Instead of being 
in two distinet layers as might be inferred from Keith’s description 
the section now displayed on the railroad shows the marble to be in 
fragments separated by gneiss and pegmatite. It is possible that the 
three masses visible in the section may originally have been parts of 
a single bed or parts of two beds, but it is certain that their present 
distribution is due to fracturing and intrusion by pegmatite. At the 
south end of the section near its bottom the limestone is in contact 
with the pegmatite and with gneiss. For half an inch from the con- 
tact with the gneiss the limestone is bordered by a light gray zone in 
which are many plates of a light mica resembling phlogopite, a few 
plates of biotite and an occasional garnet. At the immediate contact 
is a seam of light brown mica. : 

Under the microscope a section cut across the contact zone reveals 
the presence in it of many plates of an almost colorless mica with a 


§ Mount Mitchell Folio. Geol. Atlas of the U. S. Folio 124, p. 2-3, 1905. 
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slight pleochroism in light yellow tones. These are arranged about 
parallel to the contact plane. A few erystals of pyrite are the only 
other components present except, of course, the predominant, com- 
paratively large grains of carbonate, most of which are polysynthet- 
ically twinned. The carbonate is free from inclusions except for tiny 
particles of what appears to be pyrite dust, but between the grains 
is often a stain of limonite. Immediately at the contact there had been 
slight movement with the development of a thin layer of light colored 
mica. 

At the contact with the pegmatite the contact zone is about 11% 
inches wide, and is composed of two layers, the inner one of which 
is characterized by the presence of plates of tremolite and more scanty 
plates of wollastonite scattered through the limestone, but mainly in 
such a way as to constitute bands running parallel to the contact. 
The tremolite is generally fresh and colorless but the wollastonite is 
traversed by many cracks in which have been deposited fibers of a 
light green micaceous mineral, with a slight pleochroism in greenish 
and yellowish tones. Occasional tremolite flakes are tinged with green. 
These are very slightly pleochroic, thus approaching actinolite in char- 
acter. The outer zone next to the pegmatite consists exclusively of 
a light-gray platy tremolite arranged with its long directions perpen- 
dicular to the contact. The tremolite strongly resembles the mineral 
at the Lansing Mine that has been called actinolite. Whether the two 
minerals are actually the same or are different is of little importance. 
Their presence indicates that the pegmatite added material to the 
limestone in both cases. The irregular distribution of the limestone, 
parts being almost completely surrounded by silicate rocks, suggests 
an explanation of the irregular distribution of the ore at Lansing. 
The limestone bed was broken into fragments as at the occurrence on 
the railroad and the limestone ore naturally possesses a similar dis- 
tribution. 

Reserves :—Because of the irregular manner of distribution of the 
limestone in the schists at the Lansing locality and the small amount 
of prospecting that has been done in the mine, it is impossible to esti- 
mate with any probability of correctness the quantity of ore that may 
be expected. If the limestone is shattered as it is near Toecane it may 
terminate within a few feet of the present workings, or it may extend 
beyond them for a long distance. In either event it is probable that 
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the limestone ore may be replaced by silicate ore such as was found 
in the old Waughbank opening above the present mine, in which case 
it may be valuable or worthless, depending upon the width of the vein. 
The limestone ore is merchantable even when its iron content is as low 
as 359. The silicate ore must carry much more iron before it will be 
aecepted at the furnace, and most of it therefore must be concen- 


trated. 


URBANA, ILL., JULY, 1921. 
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A BOTANICAL BONANZA IN TUSCALOOSA COUNTY, 
ALABAMA 


By RoLtanp M. HarPER 
PLATE 28 


Tuscaloosa, on the Warrior River, is one of the typical fall-line 
cities of the South. Above the city the river and all its tributaries, 
with a few exceptions, flow their whole length through the Warrior 
coal field, characterized by essentially horizontal strata of sandstone 
and shale, which make many picturesque bluffs and cliffs along the 
river, some of them over 150 feet high, interrupted every half mile 
or so by wooded ravines, containing small streams which may dry up 
in summer, and at longer intervals by creek valleys. A few tributaries 
take their rise in limestone valleys about 100 miles northeastward, 
but it is not likely that this fact has any perceptible bearing on the 
richness of the cliff flora to be discussed presently. Below Tuscaloosa 
the river cuts through Cretaceous and Eocene strata, with no cliffs of 
hard rock, and conditions are unfavorable for most of the plants 
herein mentioned. ! 

Above Tusealoosa the river runs in a general southwesterly direct- 
ion, so that the left bank is usually shaded, the bluffs on that side 
facing in various directions between north:and west. On this left side 
a few miles above the city there is a remarkable assemblage of rare 
and otherwise interesting plants, on exposed cliffs and shaded bluffs 
and in nearby ravines. For some unknown reason, the greatest con- 
centration of rarities seems to be about eight miles above the city, 
their numbers diminishing up and down stream from that point. They 
gradually disappear also away from the river, as one ascends any of 
the tributary creeks. The writer has had few opportunities to explore 
the right bank, which is relatively inacessible, but as most of the bluffs 
on that side are exposed to the sun in the middle of the day, the shade. 
loving plants listed below can hardly be expected to thrive there. 

At Squaw Shoals, about thirty miles above Tuscaloosa, there were 
many interesting aquatic plants in the rocky bed of the river until 
they were drowned out by the completion of a 63-foot dam in 1915, 
but apparently no cliff plants of special interest, except Heuchera 
— 1 For an account of the river-bank vegetation for a distance of about 250 miles below 
Tuscaloosa see Bull. Torrey Bot. Club 837:107-126. 1910. 

See Torreya 14:149-155. 1914; Natural History 19:199-291, 1919. 
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macrorhiza. And quite recently (May, 1921) the writer has traversed 
over 100 miles of the river above Tuscaloosa in a canoe, with frequent 
landings, without materially extending the known distribution of any 
of the plants mentioned below, not even those which have their 
southernmost outposts near the fall line. 

Before listing the rare plants some additional] features of the en- 
vironment may be mentioned. At the point where they are most num- 
erous and for a few miles farther upstream, the hilltops are capped 
with sand and pebbles of Cretaceous or later age, belonging to the 
coastal plain, and characterized by forests of Pinus palustris and its 
common associates, subject to frequent fires, as is usual throughout 
the range of that tree. In the same neighborhood the lowlands on the 
inner sides of bends are covered with ‘‘second bottom’’ or terrace de- 
posits, which extend all the way to the coast but are very slightly 
represented upstream; and ,Acer saccharinum (formerly A. dasyear- 
pum), which is perhaps more nearly confined to river-banks than any 
other tree in the eastern United States, and seems to require twenty 
feet or more of seasonal fluctuation of water, extends up the river 
just about to the point under consideration. Quercus laurifolia, which 
is almost confined to the Goastal plain, extends a few miles farther 
upstream. 

But all this perhaps has as little to do with the peculiarities of 
the cliff flora as the fact that some of the river water comes from a 
limestone valley. It may be a little more significant that there are 
among these cliffs several ‘‘hanging valleys,’’ with mouths high above 
the river, presumably indicating that the streams which made them 
are dry most of the time, and therefore have not cut down their chan- 
nels as fast as the river has. Springs too are scarce along the river, 
as the canoeist discovers to his discomfort in hot weather. This indi- 
cates that there must be little leaching out of the elements of fertility 
from the rocks. 

Some of the plants under consideration are of species commonly 
supposed to be partial to limestone, although the rock is not notice- 
ably caleareous. A partial analysis of a specimen of the shale made 
for the writer some years ago showed only 0.42% of lime (CaO), but 
nearly ten times as much potash (KO), namely, 3.95%*; and it is 
quite likely that these and many other supposed ealciphiles are really 


%See Geol. Surv. Ala. Monog. 8: 54. 1913. 
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PLATE 28 











Rich ravine near Warrior River a little below mouth of Hurricane Creek, with Aesculus parviflora 
in full bloom, and trunk of Liquidambar at right. June 28, 1911 








Looking down Hanging Valley on left bank of Warrior River about nine miles above Tuscaloosa 
and 100 feet above the water View taken about 50° feet back from mouth of valley Trees mostly 
11 


Pinus Virginiana. Dee. 2, 1s 
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potash-loving species.* Some of the species are noteworthy for being 
confined to Alabama, or more abundant in this state than anywhere 
else. Others here reach their southern limits or nearly so, and were 
not recorded from this part of the state by Dr. Charles Mohr in his 
magnum opus, the Plant Life of Alabama (published shortly after his 
death in 1901). 

Comparatively little botanical work of permanent value has been 
done in the vicinity of Tuscaloosa. Sir Charles Lyell, the eminent 
English geologist, visited the town in 1846, and published a few botan- 
ical observations in his ‘‘Second Visit to the United States.’’ A few 
years later Drs. R. D. Nevius and W. 8S. Wyman botanized in this 
vicinity in spare moments, but the only recorded result of their work 
seems to be the discovery of Neviusia Alabamensis and Sedum Nevii®. 
Dr. Eugene A. Smith, state geologist from 1873 to the present time, 
devoted considerable attention to plants in the first few years of his 
service at the University of Alabama, and collected many specimens, 
quite a number of which are cited in Mohr’s Plant Life of Alabama. 
Dr. Mohr, although he visited Tuscaloosa oceasionally, seems to have 
done very little field work in this neighborhood, having depended 
mainly on Dr. Smith for information about the flora of Tuscaloosa 
County. Messrs. C. L. Pollard and W. R. Maxon of the U. S. Na- 
tional Herbarium visited Tuscaloosa in the summer of 1900, mainly for 
the purpose of finding Neviusia, in which however they were not suc- 
eessful.® 

The localities described below seem to have been entirely unknown 
to Dr. Mohr, but with good reason, for they were very inaccessible 
during his lifetime. The locks which now make navigation possible 
on the Warrior River for about 75 miles above the fall-line did not 
exist then, nor did the railroad which now skirts the bluffs on the left 
side of the river for eight or nine miles; consequently it would have 
been very difficult to go up the river either by boat or on foot.7 The 
main highway from Tuscaloosa to Birmingham indeed passes within 
a mile or two. of some of the most interesting cliffs, but any one not 


*See Bull. Torrey Bot. Club 40:398. 1913. 

5 The writer had the pleasure of meeting both of these gentlemen toward the close of 
their lives, the former on his last visit to Tuscaloosa in 1913, and the latter a year or 
two earlier. 

®See Plant World 3:136. 1900; 9:105. 1906. 

7 Since these lines were written Dr. Smith has informed me that about 25 years ago 
he went with Dr. Mohr and John Muir in a small steamer a few miles up the river, probably 
to the first shoal above Tuscaloosa, which must have brought them pretty close to some of 
the cliffs here described; but they did not land there, and thus a wonderful opportunity was 
missed. (Pinus Virginiana, which abounds on top of the bluffs down to within about four 
miles of the city, is not reported from this or any adjoining county in Mohr’s Plant Life 
of Alabama.) 
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knowing of the existence of anything unusual along there would not 
have been likely to walk out from the road to the river through the 
almost pathless forest, or even if he did so, to walk along the river 
very far if he happened to strike it at one of the less interesting 
spots. 

My acquaintance with the botanical treasures under consideration 
began during the first month of my connection with the Geological 
Survey of Alabama. On Dee. 5, 1905, I walked up the railroad above- 
mentioned (a branch of the Mobile & Ohio) to a point about ten miles 
above Tuscaloosa, primarily to study the vegetation of the Paleozoic 
area where it approaches the fall-line.S The results were so interesting 
that I have since made similar trips at all seasons of the year, and 
taken several visiting scientists along the same route. 

In this brief paper no detailed discussion of the vegetation by 
habitats or associations is attempted. The plants observed along and 
near the left bank of the river from the southernmost cliffs to the 
mouth of Daniels Creek (where the railroad leaves the river) are put 
in a single list, divided into trees, shrubs, ete., and arranged as nearly 
as possible in order of abundance in each group. No definite lateral 
limit can be set for the area treated, but the plants growing in dry 
woods on the coastal plain material a little back from the top of the 
bluffs, where fire is frequent, are excluded as far as possible. There 
are however all gradations between that type of vegetation and the 
‘*lithophile’’ vegetation of the cliffs and the ‘‘mesophile’’ (or more 
correctly speaking pyrophobie®) vegetation of the ravines, affording 
problems enough to keep ecologists and successionists busy for many 
years. 

In this list the names of evergreens are printed in italics. The 
letter A after a name indicates that the species is believed to be 
more abundant in Alabama than anywhere else, S means near its 
southern limit or farther south than Dr. Mohr reported it, and L 
indieates species which are commonly supposed to be partial to lime- 
stone. The usual habitat of each species in this loeality is given in 
a word or two. 


8 Some of the interesting finds were described in the Plant World for May, 1906, but 
the narrative was marred by the insertion of several essentially fictitious common names 
by the editors without my consent, with the avowed purpose of making the article more 
“popular.” 

* For an earlier use of this term see Bull. Torrey Bot. Club 45:33. 1918. 
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TIMBER TREES 


Pinus Virginiana (S) Tops of bluffs 




















WE EIEN, osesiscsssecsnssceansnccvacssssesosistesrscscesnscessscvionesisnenten Ravines 

FROG FN CEP osiiscncccacseasscnintisiesnvssesdscssconasininienves Exposed cliffs 

I | II cacti ciecinenencocansonsiieseniccimiocsnnnianernionenseonses Ravines 

Quercus Mublenbergii (L, S).............0cscccsssssssssessecesseseesees ..Roeky ravines 

Quercus Durandii (A, L) ..Ravines and cliffs 

CD IT CIB) isis snicssecccccensnasccncacincnticrssrsnmnqavicatenccioda Dry bluffs 

SIRS TOR ic csesceiniesetasecicecsissinnsoiansiiilonseypnscninadid Ravines and river-banks 

I I kis osccccitierincinntietaennmneninioia ssi Ravines and _ river-banks 

EAPO “TOMI IW sos icnascnsasncsvssvasassessscsnsonesuetssasennonsiavesien Ravines 

TD I 0 Fe Bai secs ticcccnevicesnsicsasenscrtnrcnenlnciancsinniadh Ravines 

Quercus borealis maxima ...Ravines 

TION I snd sn scccips ra sicaienncnnsnaecanss vemvimtcneneadsaciapaneneansatanainitn Ravines 

SR DIG ris ioieiscesnnstcenpanensaniiniicsencmnnareintnaneasiiandialniaaiin Ravines 

PERSO COORD osscesacicescenstanccnavntconsiaciicehesbiniiarianevctbenns River-banks 

NE FN aciiccetnicecivanssnssircedcsnsdcn se eseanibilatacaiatbilplstahdcatn Ravines, ete. 

CE TIN es sctsccinsniccintcencintnsinsnticisiekdabeaineemencassanmansensnens River-banks 

Quercus Michauxii ... River-banks 

ROD: TON: essisecgitic saacondssspaienuspntfncisaeimnptsvesnanecnieiuavndamaaaee River-banks 

TEN, DID, os isiisciessssienesccisiionciannnsnncsianapennianaiiiie Ravines 
SMALLER TREES 

CE IN. i iis cescotensnincasctnepnsnecsconicannbensiancaninigavens Ravines and bluffs 

Rie TORN: CB oie cicnscsccincamntnsicnnnccrensitenrensisosnrsiemneomnincin Ravines and bluffs 

DEUCE: WUMOTO UT CB) ais swiss ciscicencssvcnsconpetoieasinsininisni Ravines 

Cladrastis lutea (L, 8)... ..-Bluffs 

RR WI oss ntsccise ccctamnenncisecnsecinntnieoniainacieeceiancamabiias Ravines 

BOO GOON esienrcnssesssspesnsecansincésnensasnbtioneanganeieniniaanannninanante Ravines 

I: asians nicinnaincscinicecanianininsdtciaceitancssiscotneicnldeicbiiuiinbas Bluffs 

PRAM GURATAMGUIAER (Ti, B) seicesccccccsssicscccsocsvscssvescesesseesel Cliffs 

BO DG icietsesncsinntisnctcinescisiniesunasarenniciecccénininienbedernssewnidints -Ravines and banks 

Bumelia lycioides (L)..... Cliffs 

CRUE SI, nine iceessccrssecsnssencersisvenatenenancensenscanse Ravines and banks 

I TO icc cesrnetgnnticrcertiiecninvindeeciesbesiadiciediammnacnaaeniiae River-banks, ete. 


SHRUBS AND VINES 






COR EID CR BD iccsiiedccccsinnssinnsinurrnrennsdinnioeeatal Cliffs 

TEPER. GOUT, CB) as cs cstisiccivcincsctesasecisencticasesirsrientannns Ravines and bluffs 
DGDURERE DPARTIER. CB) wivcccissssinscesiecsseniiinstssensintioniaa Ravines and bluffs 
ES Se GRD ‘cccitaein dete Ravines and bluffs 
Hydrangea arborescens ........... Ravines and bluffs 
Arundinaria macrosperma?.. Cliffs 

SOOTHER) DRA CB, OY vsiicscssesccsnncissssssccnrcivcoiersnciiotiinns Shaded bluffs 
STONE NOR, CUETO, .osscsscccinsssssnccconscecsccscessnssseussintnnsedssennesacssesetig Shaded bluffs 
SUE GIB. sin sisncncieniciscunseasesoeonctnanéiisinnianabesioesasnsoasinnebiiiel Cliffs 


See Torreya 12:147. 1912. 
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EONS  CUIIION. « cccecttinsimminmmnntibiiniontieminin Various habitats 

SE I a css cncactinansniiesnaccasscnsincsiinntinnrcamnnesteninaseiiae --Various habitats 

Rhamnus Caroliniana (L)... ...Bluffs 

NE I Be 8 cinsiiacecciiccatsiciecemnncvenecnnnetinieinenaienteal Bluffs 

CPCI RP OUNE, CRs, TD) sestincinrstiinrnncceenestnsienmnipicroncinieinilel Bluffs 

TD CN iris ceticciccncsicenacinniiininsaniccaniiobioueaimiascimmeminl Ravines 

FRE TEI: SR iecncsiteenitccicevcecinccsneniccttencesieinienaasteninal Cliffs 

UTUMAMOCEIITE GUO OIIR, qosisisccsiccvesoesssssscsecssessvsntessensesoney Ravines, ete. 

gE ae eT me Te TE Bluffs 

A CI iicdeisticeeiadeiincrccnevennnniccinasmniaciaciiasonscaptaietanalenaipioas Ravines 

MID: WIEIEIINNS  crinincccevinsinisinienannesncdidnaiaibameiates weelops of bluffs 

Rhus glabra -Various habitats 

RE ROTI Ro isccccnnssecccsascctiieninsmuinoniremnmisincianaianh Ravines 

III IN sissies sicccacninccnncinineniilaensacacetanleauludacens Ravines and bluffs 

I SINS CDi rcicicsccincccaroteccrcctbceuemsscosanoinccuiaiel Damp ravines 

SO “GUID goscicsttcsmctenstcsninccveetonnadnaasen Dry bluffs 
HERBS 

POIIRIN TUOINIIN oicstisassecinicceasernsrasnscsnentsoosonnmnenepemeacmenndetel Cliffs 

PI TIO osscisiciisssicintitcniemnanoninincnenintatasvennietiahiia Ravines 

| |.) nee ae ET mE ET Cliffs 

co, a ee ) Se nena eee Cliffs 


Woodsia obtusa 






Saxifraga Virginiensis 


PPI SOR EIR Bi aah ecaiticensinecccdierioseiexonitesncsanctcetmninsinashidabel Cliffs 

IE REID, nciccsceccceccmcstutcbccccctsmnensessonmniaiindianias Ravines 
OR DRO es seco snrsscessincvresavsnvasierevicdeuepsiccedasnsoinnen Ravines 

NN ON i ich sad ce patinintiaesaneureiigcieninunioCmersoanrccnandeion Ravines 

FORNIIIO SMITE .cssscnscihsdstshtaednddcenonainiaxcnciponiepbenseonthcdontaenmeniaecbeineal Ravines and bluffs 
SUMGORCAMTIG DirSutiCAAlisT............cccccccsccccesccsessserscecssesesessonecd Cliffs 

RE FN  cicnuntacsccrtiicrnsniawientiiesennitinicbntaitcspacia lode Bluffs 


NE WINS CI EP astatieicrrsrnrescnsenne cers iibisnnioneinaniiaecnintons Cliffs 







Dioscorea sp. --Ravines 
Oplismenus  setarius ---Ravines 


TREE: TRIN CT Dia iiscedeiiassceciisiancenceesdcpilaeiennccencsiabeialcbaianaian Bluffs 
MOTOS TUCTOREE: CIB). scseiccsccttnerniinestiamintinciciscsninsiiial Cliffs 
Alsine pubera aialaahdeiapailinaeciaciaieiibieahiaignenelinaeanninmneeiiindsdambamnandiidaanital Ravines 
COOGEE. DRUREIOIE CA). sccerecnsscceccenanicssioconngecctninnecscnionniiil Ravines 
III. STII, CTD sieicerniecercencnnearcscsnsinetncatomminasscanngl Cliffs 
Rpopyrams Ditermatems: (Ts, 1) nccsccscvccvcccssncsscecsssersssseevsscrsrasesd Cliffs 
EUPUTTE. DURUM UT ON ccitesicecsessisinsininsstieesctssverrantintnoumnsions’ Ravines 
Phegopteris hexagonoptera............scescesreeseesseeeseseerseeesnenees Ravines 
PUREE CRRONGUE: viicecitnncettinicticnrecnineinnsnneccimmmenanniananii Bluffs 
AME: TG siesiciencctncnsicterecnennsniessmitannceniancacinniemniinnianants Bluffs 
es CI Ca, TBD scecctcicxicncietincatenresnccensctstaniniin Bluffs 
EE. EIR. eiscnsccepntiseicnidciosneantcincinennienehiintaidniiaialiel Ravines 


I Tian ckcethegcctesisnts tevasevahonseniannicticniaienmiiataieel Cliffs 
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DE, I as sicciicsniaioninnateniviniansavisaenakoneunnseinannmebiiionibelantinenonal Damp ravines 
eR SII si sccensnvescsiinssccsorse ... Cliffs 
BOMROEIAN. TIRCREUIII (Bi) sis sacs cscsicscecennseneassenncissisiconsnren Bluffs 
I: CT esis siseitewiirinniviennccicssarcerincenticternisiies Ravines 
GE COIN... cst reinicincincssrcassimcneasctincncsenarnmnconaneensniantiod Ravines 

BO TR: Ci csc asrestietssacnneceraiecnnmibisiensancioenancecsaininalennmnaneniies Ravines 
Erythronium Americanum (8)....000+.......scccssscsscsssesssssssssesseves Ravines 
ST: TE CI io acnscsniccsnscecchcscosenesccintncnsnevsnvnenasons Ravines and bluffs 
eS _ eae eee Rn ee RE TE Ravines 
TN NNN SI Baie casicuiiccaseccetnicnsisndcontninnnaneoeracooneusanatecanel Ravines 
Verbesina Virginica .... Bluffs 
RN SUNN ic isscsinncnisuinessenenisssastsieiuncstuitiucakidesienss Ravines 
AUCERRETER DURRENGTT OTD | sccccsssiisscisnissncsnesieteinivrinsivicnenitions Dry bluffs 
BE GRO. sosidiintimeneriniininiciinainaciiaaarnitinii -Ravines 





Juncoides campestre Ravines 


Taxonomieally there is nothing remarkable about this list, unless 
it is that ferns, oaks, Magnoliacew, Saxifragacew, Sapindacee and 
other Polypetalous families are rather numerous, and grasses, sedges, 
and other monocotyledons, Rosacee, Leguminose, Umbellifere, Eri- 
pacer and Composite rather few (using all these family names in 
their older and broader sense). As in the interior hardwood region 
of the eastern United States, there are more flowers in spring than at 
any other season, evergreens are in the minority, especially among the 
trees, and fleshy fruits are scarce. 

For rare plants this locality compares favorably with the more 
or less celebrated bluffs on the east side of the Apalachicola River in 
Middle Florida.'? The two places have several species in common, 
such as Fagus, Juniperus, Liriodendron, Liquidambar, Pinus Taeda, 
Quercus alba, Cercis, Ilex opaca, Ostrya, Aesculus Pavia, Bignonia, 
Aralia spinosa, Hypericum aureum, Adelia ligustrina, Ptelea, and even 
Croomia and jAlsine pubera. And the two endemic trees of the Florida 
bluffs (representing two genera of Taxaceae) are no more remarkable 
than the shrubs Croton ,Alabamensis and Neviusia, which are not 
known outside of Alabama. (The former is known from two counties 
and the latter from three.) It is rather singular that the Croomia, 
unlike nearly all the other species listed, has its northernmost known 
limit in the area under discussion. 

Unfortunately civilization is making inroads on these bluffs and 
ravines, aS on many other beauty spots the world over. The smoke 





11See Bull. Torrey Bot. Club 81:26. 1904. 
12 See Torrey 19:119-122. 1919. 
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from the trains that pass four or five times a day does not benefit the 
cliff vegetation any, and whenever a new coal mine is opened or a 
sawmill located near the river, houses are built nearby, necessitating 
clearing away some of the forest. The best long-leaf pines on the 
adjacent hills were cut by lumbermen about seven years ago, and in 
some places the logs are rolled down the bluffs to the river or some 
creek, necessitating cutting a swath through the vegetation. <A de- 
velopment which may be looked for almost any day is the building 
of summer homes on the bluffs by some of Tusecaloosa’s ‘‘idle rich,’’ 
with a consequent scattering of tin cans and other rubbish in the 
adjacent ravines. But at any rate, the topography is so broken that 
little of the area is likely to be molested in the near future by farmers, 
and there will probably be some interesting vegetation there to study 


for a generation or two yet. 
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FISHES IN RELATION TO MOSQUITO CONTROL 
By Samvet F. HILDEBRAND 


It has been known for many years that various species of fishes 
prevented mosquito production when placed in small inelosures, such 
as cisterns, fountains and pools, but only comparatively recent studies 
and experiments have led to a fairly definite determination of the 
species and the conditions most favorable for mosquito control in 
larger bodies of water. Some of the species which are used for mos- 
quito control in small artificial waters are wholly unreliable in large 
bodies of water where a greater variety of foods is available, showing 
that in confinement fish take foods which ordinarily are not eaten. The 
variegated minnow (Cyprinodon variegatus), a strictly herbaceous 
fish, for example, may be confined in an aquarium and fed on a diet 
of wiggle tails and minced beef or fish and kept alive for several 
months. It may also be placed in a pool comparatively free from vege- 
tation, but infested with mosquito larve, and it will live indefinitely 
and provide mosquito control. Experiments and observations relative 
to Mollienisia latipinna, a minnow structurally rather close to Gam- 
busia affinis and usually found with the latter in great abundance in 
potential mosquito breeding areas in the lowland swamps and slug- 
gish ditches -of our coastal plains from South Carolina to Mexico, 
have led to the conelusion, however, that the food of this species con- 
sists almost wholly of plants and that it is worthless as an agent 
for the control of mosquito production. 

It, therefore, is necessary, for the purpose of mosquito contrel in 
nature, to find fishes that not only choose a habitat suitable for mos- 
quito production but which by preference feed upon live animals. 
They also must seek ‘‘bait’’ of the proper size and they furthermore 
must feed at the surface, for that is where the mosquito spends most 
of its life in the aquatie stages. It likewise is very desirable to use a 
fish which will reproduce under a wide range of conditions, 7. e., in 
almost any water in which mosquitoes breed, also one which multiplies 
very rapidly. 

Gambusia affinis, a species in which the female reaches a maximum 
length of about 60 mm. (23% in.), the male being much smaller, very 
admirably meets all of the requirements mentioned in the preceding 
paragraph. It is common almost everywhere throughout the mala- 
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rious sections of the South where it inhabits potential mosquito-breed- 
ing areas. It is not limited for food entirely to live animals, but it 
undoubtedly prefers that kind of a diet, and a wiggle tail certainly 
is a ‘‘bait’’ of suitable size for this fish and one which appears to 
‘*tickle the palate.’’ The habit of surface swimming which is corre- 
lated with surface feeding in Gambusia is highly developed, the fish 
having received its common name, ‘‘Top Minnow,’’ because of its 
almost constant appearance at the surface of the water. 

Gambusia is viviparous, 7. e., the eggs are fertilized and hatched 
within the body of the parent fish, and the young when born are from 
8 to 10 mm. (%5 to % in.) long and come into the world well 
developed, being much better able to take care of themselves than most 
fishes hatched from eggs in the more usual way. This fish, unlike 
most others, therefore, requires no special environment for depositing 
and hatching eggs, the young being born as the female moves about in 
the water. The species, for this reason, is able to reproduce under a 
very wide range of conditions. The young come in broods, numbering 
from a few to one hundred or more, throughout the summer and at 
intervals of from three to several weeks each. The young when born 
are so well developed and so thoroughly capable of beginning an inde- 
pendent existence that their chances for survival are excellent. They 
grow rapidly and the early broods of the season become sexually ma- 
ture and themselves have young before the end of the summer during 
which they are born. Multiplication therefore is very rapid. 

Gambusia, as already indicated, is common in most of the mala- 
rious sections of the South and in many localities it has become dis- 
tributed to the sluggish ditches and standing bodies of water, as far 
as natural waterways have from time to time been open. In other 
localities the fish is not so universally distributed and in nearly every 
vicinity there are present some waters which the fish is unable to 
reach because there are no channels connecting them with other bodies 
of water. It is here where aid in distribution by man is needed. 

It is not claimed that Gambusia, when present in a body of water, 
will eliminate all mosquito production under all conditions. Some- 
times, when conditions are proper and sufficient top minnows are 


present, mosquito production is completely eliminated. In many 
cases it is not eliminated but very greatly reduced. 


The value of Gambusia as an eradicator of the immature mosquito 
] 
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may be determined by the inspection and comparison of quiet waters 
which support top minnows with those in the same locality which do 
not support top minnows, in order to determine which waters produce 
the most mosquitoes. Ponds heavily infested with mosquito larve 
and pup may be stocked with Gambusia and results awaited and 
observed. One of two similar, neighboring bodies of water both 
infested with immature mosquito, may be siocked with Gambusia. 
The water which is not stocked with top minnows will serve as 
a ‘‘eontrol’’ which will furnish a fair comparison. Occasionally 
it is possible to demonstrate the destruction of mosquito larve 
which Gambusia accomplishes by connecting by means of a ditch one 
pond or pool heavily infested with mosquito larve with another sup- 
porting top minnews. All of the foregoing experiments and obser- 
vations have been made within recent years and in every instance 
either a great reduction in mosquito production resulted or, as in 
many cases, complete control followed. Wherever mosquito produe- 
tion was not eliminated, if sufficient minnows were used, complete con- 
trol was prevented by the presence of places of protection for the 
immature mosquito against fish. 

Places of refuge for mosquito larve and pupz in the presence 
of fish are furnished by such types of plants and floatage which are 
slightly or partly submerged, causing a mere film of water to stand 
above them. Anopheles larve are particularly keen in seeking these 
places of refuge where they cannot be reached by the minnows. 
The low aquatie grasses, particularly Hydrochloa carolinensis, are 
a souree of much difficulty in securing mosquito control by the use of 
fish. Mats of floating alg with a film of water over them also form 
excellent hiding places for the immature mosquito. Many other 
plants, some of them strictly aquatic, others of the shore variety, often 
cause imperfect control when they are partly or slightly submerged. 
‘Plants which are wholly submerged do not appear to hinder mosquito 
control by the use of fish. Certain plants, such as the floating prim- 
rose willows and the tall wire grasses, sometimes develop dense masses 
of roots near the surface of the water which provide a limited amount 
of protection. The tall plants with straight stalks and with few or no 
leaves, and without dense roots near the surface, like the ecat-tails, the 
rushes, ete., provide little cr no protection for mosquito larve and 
pupe. The duck weeds not only furnish no refuge but whenever 
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a pond is largely covered with them they appear to prevent mosquito 
production. The leaves of these plants are wholly above the surface 
of the water, they do not have a dense root system, and furthermore 
it is possible that the more or less constant shifting of the weed masses 
with the winds or currents may drown the eggs. 

Since there are many conditions under which plants furnish pro- 
tection for the immature mosquito against fish, it is very essential in 
the conduct of anti-malaria campaigns to make frequent and careful 
inspections of all waters in the area under control. If it is found that 
certain plants are preventing mosquito control, then it is time to aid 
the minnows. The indiscriminate cutting and clearing of vegetation 
from water deposits certainly is not an econo:nieal practice, as such 
work frequently is not necessary. The biological condition existing in 
each pond must determine whether or not top minnows will require 
assistance from man to furnish control of mosquito production. The 
abundance of top minnows must be carefully considered, and certainly 
the amount of food available for them in each body of water is of 
great importance. The writer has shown by experiment that when 
food is searce better mosquito control will result than when it is plen- 
tiful even though much vegetation of the ‘* protective type’’ is present, 
and he knows of no other way to explain why mosquito production in 
certain ponds is much more nearly eliminated than in others when 
minnows and plants appear to be identical and present in equal abun- 
dance. 

It is evident then that top minnows are of much value in control- 
ling mosquito production in permanent standing bodies of water and 
that they also render excellent service in sluggish ditches. Their value 
as eradicators of mosquito larvee has been recognized by health officers, 
and minnows are used very widely in the South where anti-malaria 
campaigns are conducted, having in a large measure replaced the use 
of oil. A definite use fer oil in anti-malaria work remains; for places 
exist in nearly every locality where mosquitoes breed and where fish 
cannot be used, as, for example, in a film of seepage water, in hoof 
prints, in temporary pools, ete. It is well known that in order to 


secure mosquito control by the use of oil a continuous film must cover 
the entire surface of the water and that during hot weather a new 
coat of oil must be applied about once a week. It is quite impossible 
to obtain a continuous film on ponds and lakes, because the oil is 
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driven to one side or to a corner, leaving the remainder of the water 
exposed. Furthermore, if oiling is discontinued after it has been ap- 
plied for some time, the natural enemies of the mosquito have usually 
either been driven away or killed and thereafter the mosquitoes can 
reproduce more successfully than before the natural conditions were 
disturbed. Since fish control is much more permanent in its results 
and much less expensive, it seems advisable to use fish wherever pos- 
sible and to apply the oil treatment only where fish cannot be suc- 
cessfully used. 

Drainage undoubtedly deserves first place among the measures of 
mosquito control because of its permanent character, but it is a recog- 
nized fact that all water deposits cannot be eliminated and further- 
more, it is undesirable to eliminate all of them. The cost of drainage 
usually is high and therefore often prohibitive. Fish control can 
usually be substituted in part for drainage, and is especially recom- 
mended for rural sections and for other localities where funds for the 
more expensive measure are not available. 

A number of species of fishes besides Gambusia affinis have been 
recommended for mosquito control, but none has been as extensively 
used as Gambusia. Only one other species in the South, viz., Heter- 
andria formosa, a viviparous species, belonging to the same family 
as Gambusia, but of much more limited distribution, ranging from 
North Carolina to Florida, has given results comparable with those 
obtained with Gambusia. Several species of the genus Fundulus, also 
belonging to the top minnow family, probably are of limited value. 
Some of the sunfishes have been mentioned in connection with mos- 
quito control, but their usefulness in the South is not well established. 
They certainly are much less efficient than Gambusia. 

Gambusia affinis, as already noted, is common almost everywhere 
throughout the malarious sections of the South. What the conditions 
without these faithful servants would be is difficult to conceive, but 
it is quite probable that sections which are prosperous would be in a 
very backward state and that others would be entirely undeveloped. 
Doctor H. R. Carter, assistant surgeon general, U. S. Public Health 
Service, who is well qualified to speak as an authority on the subject, 
positively asserts* that prosperity is not compatible with the preva- 
lence of malaria and he declares that no prosperous community exists 


* Public Health Bulletin, U. S. Public Service, No. 105; 40. 1920. 
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where malaria seriously prevails. If a community cannot prosper 
when malaria prevails, the importance of combatting such a disease 
by every known means is evident. The use of top minnows for this 
purpose, although comparatively new, as already stated, has been 
adopted by many health officers in nearly all of the southern states 
wherever practical anti-malaria work is being conducted. Much wider 
use, however, should be made of this comparatively inexpensive agent. 
Nature has been kind in the distribution of the top minnow, as al- 
ready shown, but still natural bodies of water remain in some local- 
ities which have not become stocked with Gambusia. The artificial 
waters usually are inaccessable to the minnows and, since they nearly 
always are near residences, it is especially important to prevent mos- 
quito production in them. Certainly much good ean be accomplished 
by the judicious distribution of the top minnow, and the results will 
be doubly effective if it is given aid by clearing vegetation from 
the water wherever necessary. 


BUREAU OF FISHERIES, 
WASHINGTON, D. C. 











NOTES ON THE MORPHOLOGY AND SYSTEMATIC RELA- 
TIONSHIP OF SCLEROTIUM ROLFSII SACC.* 


By B. B. HigeIns 
PLATE 29 


In spite of the proved parasitism and general occurrence of Scle- 
rotium rolfsii in the warmer portions of the United States, very little 
is known in regard to the structure of the mycelium and of the scle- 
rotia of the fungus. The few data that have been published on the 
subject have contained so many errors as to be confusing rather than 
clarifying. It, therefore, seems desirable to publish, at this time, a 
few notes that may be helpful to others who come into contact with 
this fungus. 

The reputed appearance and disappearence of the fungus in fields, 
and its other peculiarities, have led to investigations with the hope that 
some fruiting stage would be discovered. So far no spores have been 
found; but certain characteristics of the mycelium have been noted, 
which are of considerable help in distinguishing the mycelium of this 
fungus from that of several others that attack plants in a somewhat 
similar manner. These characters also suggest, in a general way, the 
spore forms that one should expect to find associated with this myee- 
lium. 

On fleshy plants and on fruits, such as cantaloupe, where food and 
moisture are abundantly available, the growth of S. rolfsii is very 
vigorous and characteristic. The mycelium usually forms broad white 
sheets and a profusion of sclerotia develops; but on small or more 
woody stems, such as those of sweet potato slips or of pepper plants, 
the growth is often very scanty and impossible to distinguish macro- 
scopically from any one of several other fungi that may attack these 
plants. Even when such plants are placed in a moist chamber, scle- 
rotia often fail to develop. 

MYCELIUM 

The mycelium is rather coarse, with large cells (2-9 x 150-250,). 
The feeding branches which enter the medium or the host tissue 
and those which enter into the formation of the sclerotia are of the 
more slender type (about 2 in diameter). In the broader threads 
clamp connections oceur characteristically, two at each division (figs. 


* Paper number 15, Journal Series, Georgia Agricultural Experiment Station. 
[167] 
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5-8). Often, however, a branch arises just back of the cross wall in 
the place of one of the clamp connections (fig. 6). In the larger 
threads this is the only type of branching that is at all common; but 
from the more slender threads clamp connections are often wanting 
and branches may arise from any point, without regard to the cross 
wall. 

The clamp connections often develop abnormally, extending the 
full length of the cell (fig. 7) or even joining a neighboring hypha or 
a branch with the main hypha (fig. 8). The peculiar appearance of 
these clamp connections is evidently what gave Taubenhaus* the im- 
pression of budding in the mycelium. 

The branches, especially those of the more slender type, often an- 
astomose (fig. 10) and hold the hyphe together in sheets or occa- 
sionally in strands. 

The cells of the mycelium are binucleate, at least when young. 


e SCLEROTIA 

The sclerotia first appear as small white tufts of loosely inter- 
twined small branches (fig. 1). Stained sections of such tufts show 
an actively growing region near the periphery, which is about “%o 
of a millimeter thick, rich in protoplasm, and showing a much greater 
affinity for stains than the center of the mass or the looser downy 
eovering which surrounds the growing region. Within a very short 
time, 24 to 48 hours in rapidly growing material, all the cells of the 
mass, except those of the downy covering, begin to enlarge (fig. 2) 
and swell to about three times their former size. At the same time 
they become vacuolate and, usually, multinucleate. The cell walls of 
the cells in the growing region seem to gelatinize and coalesce, form- 
ing a pseudo-parenchymatous tissue (fig. 2) about 4 millimeter thick. 
The cells of an outer layer, two or three cells thick, now lose their 
protoplasm ; and the cell walls turn dark, collapse to a certain extent, 
and form a corky appearing covering over the entire surface of the 
now mature sclerotium (fig. 3). The outer downy covering has be- 
come separated by the formation of this ecrtical layer and it now 
sloughs off, leaving the surface dark brown, smooth, and somewhat 
shiny. The cells of the pseudo-parenchyma are broad, and more or 
less angled, with thick colorless walls and no air spaces between; 


* Taubenhaus, J. J. 
pis. 3-6, fig. 1. 1919. 


Recent Studies on Sclerotium rolfsii Sace. Jour. Agr. Res. 18: 127. 
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while those of the center of the sclerotium retain their hyphal char- 
acter and are separated by large air spaces (fig. 4). The mature 
sclerotia are dark brown in color, globose to elliptical, and 14 to 
114 millimeters in diameter. 

Taubenhaus* suggests the existence of plus and minus strain$ of 
the fungus and the necessity of a ‘‘sexual act’’ in the formation of 
the selerotia. If preved, this would indeed be an interesting con- 


dition, entirely new among fungi, and well worthy of serious study. 

The absence of any spore form made the task of separating pure 
strains for the study unusually diffieult. If an ordinary branched 
filament were used, one could hardly be positive that parts of other 
filaments were not included as anastomosed branches. 

In pursuance of the plan finally hit upon several selerotia from 
an old culture, obtained originally from a wilted pepper plant, were 
planted on agar plates which were then inverted and placed in a eul- 
ture room until considerable aerial growth had formed under the 
sclerotium. A few filaments from this growth were picked up on the 
point of a flamed needle which was then dragged across a sterile agar 
plate. The plate was then inverted on the stage of the microscope; 
and, with the low power objective, single unbranched threads were 
located and their position indicated by ink marks on the bottom of 
the plate. Blocks of the agar, each containing a single thread, were 
then cut out with a flamed scalpel and transferred to another plate 
of sterile agar. 

In this way fifty short filaments were isolated and planted. The 
plates were placed in an ineubator and examined under the micro- 
scope at least once every twenty-four hours for evidence of growth 
or of contamination. Most of the number either died or showed con- 
tamination within a few days, but five lived and produced new 
growth. In these five cases the torn ends of the threads died and the 
new growth developed from two or three cells remaining alive in the 
center. 

After erowth was well started all five were transferred to tubes 
of steamed bean pods where, after a few days, each had produced 
selerotia in great abundance. Transfers were then planted on plates 
of peptone beef extract agar—three colonies to each plate, two of A 
and one of B, ete., throughout the series; so that colonies of each strain 


* Taubenhaus, J. J. 1. ¢., p. 136. 
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would come into contact with colonies of the same strain and of each 
of the other four strains. 

The production of sclerotia was somewhat irregular in these plates, 
but no sign of ‘‘mixing’’ was noted. Sometimes they were most 
abundant where two colonies, either of the same or of different strains, 
met; but this was not at all constant. Often they began developing 
abundantly at the center of the colony before it had come in contact 
with the other colonies on the plate. The most abundant develop- 
ment noted in any case was found where a colony of bacteria was over- 
grown by the fungus. The variation seemed to be due to irregular 
food supply and to any irregularity in the surface of the medium 
which inereased the aerial growth of the mycelium. 

While this experiment does not prove the non-existence of plus 
and minus strains, it does show that mixing of such strains is not 
necessary for the production of sclerotia. 

GERMINATION OF THE SCLEROTIA 

When mature sclerotia are placed in contact with a suitable me- 
dium they send out hyphe from all over the surface without forming 
any apparent break or crack in the tissues. Each thread arises and 
pushes out to the surface separately. In new sclerotia such new 
growth may, probably, arise from any living cell; but in very old 
sclerotia the cells of the pseudo-parenchyma appear to be dead, and 
the new growth arises from the cells of the more loose hyphal weft 
in the center (fig. 4). The new hyphe are slender and pass between 
the old cells and finally push or dissolve an opening between the cells 
of the compact outer tissues. 

The cells of the new hyphe are binucleate. Whether they arise 
only from cells that have remained binucleate, or otherwise, has not 
been determined. 

LONGEVITY OF THE SCLEROTIA 

If kept dry, the sclerotia remain viable for a long time. Some 
produeed in cultures and kept in the culture tubes grew off readily 
when they were finally transferred to fresh media, when more than 
two years old. It is not likely that they last very long in contact 
with moist soil under field conditions. They seem to be very suscep- 


tible to freezing when wet. 
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SYSTEMATIC RELATIONSHIP 


The presence of clamp connections and of the binucleate condition 
in the mycelium shows the relation of the fungus to the Basidiomy- 
cetes; but these characters are common to practically all the families 
of this group. Sclerotia are also produced by members of nearly all 
families of Basidiomycetes. It does not seem possible, therefore, to 
determine with certainty any closer relationship until spore formation 
has been observed. 

SUMMARY 


1. The presence of clamp connections and a peculiar method of 
branching is a valuable aid in distinguishing the mycelium of S. 
rolfsii from that of other fungi producing similar lesions on plants 

2. The affinity of S. rolfsii to the class Basidiomycetes is indicated 
by the septate, binucleate mycelium and by the presence of clamp 
connections at the septa. 

3. The mixing of plus and minus strains is not necessary for the 
production of sclerotia. 

EXPERIMENT, Ga. 

EXPLANATION OF PLATE 29 

Fig. 1. Part of a sector from section of a very young sclerotium of S. rolfsii, 
showing interwining of the slender hyphe; a, the loose hairy covering; b, 
darker stained growing region; and ¢, paler hyphe in the center of the 
weft. x 367. 

Fig. 2. Part of a sector from section of a slightly older sclerotium; a, the 
loose hyphal covering of the sclerotium; b, the pseudo-parenchyma with its 
large cells and thick colorless walls; and ¢, looser growth and large air 
spaces in the center of the sclerotium. x 367. 

Fig. 3. Portion of the outer tissues from a section of a mature sclerotium; a, 
remains of the loose hyphal coverings, partly dead and sloughing off; b, 
pseudo-parenchyma, the outer layers of which have formed the brown cor- 
tical coverings. x 367. 

Fig. 4. Section from near the center of a germinating sclerotium, showing two 
slender new_hyphe (d) pushing between the partly dead cells of the 
sclerotial tissue; from a scerotium more than a year old. x 367. 

Fig. 5. Septum and double clamp connections in vegetative mycelium of S. 
rolfsit. x 154. 

Fig. 6. Portion of a hypha in which a branch has grown out in the place of 
one of the clamp connections. x 154. 
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An abnormality in which the branch taking the place of a clamp con- 


Fig. 7. 
out and connected with the second cell beyond its 


nection has grown 
place of origin. x 154. 

Fig. 8. Another common abnormality in which the clamp connection growing 
out from a branch connects with the mother hypha. x 154. 

Fig. 9. Hypha of the more slender type with a branch arising from near the 


center of a cell. x 154. 
Fig. 10. Anastomosing branches in the vegetative mycelium. 
All drawings made with the aid of a camera lucida. 


x 154. 
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AN INTERESTING ANOMALY IN THE PULMONARY 
VEINS OF MAN 
By W. C. GEORGE 
PuaTeEs 30 anv 31 

Anomalies in the venous system are so common that most of them 
arouse no very great interest in the anatomist. One of the anomalies 
(pl. 30, fig. A) found last spring in the anatomical laboratory at 
Chapel Hill and ealled to my attention by Dr. C. 8. Mangum is so 
unusual and of such embryological interest as to seem worthy of 
a brief report. In this ease the blood from the upper left lobe 
of the lung was drained not into the atrium but into the systemie 
cireulation. A fairly large vein, about one-half inch in diameter, 
emerged from near the middle of the ventral surface of the upper left 
lobe of the lung and coursed directly cephalad to empty into the left 
innominate vein about two and one-half inches lateral to the union 
of the two innominates to form the superior vena cava. The right 
pulmonary veins and the pulmonary vein from the lower left lobe 
communicate with the left atrium as usual. 

Somewhat similar connections between the veins of the pulmonary 
and systemic circulations have been recorded previously. With ref- 
erence to this sort of anomaly Bailey and Miller (1) make the state- 
ment that ‘‘The upper (more cephalic) [pulmonary] vein on the right 
side may open into the superior vena cava; or the upper vein on the 
left side may open into the left innomonate vein. A possible explana- 
tion of this is that the pulmonary veins are formed after the heart 
and other vessels have developed to a considerable degree, and some 
of them may unite with the other vessels instead of with the atrium.”’ 
This explanation is apparently based on an erroneous conception of 
the pulmonary veins being sprouts that grow out from the sinus ven- 
osus into the lungs, and does not seem to be a satisfactory explanation 
in view of the relations existing between the pulmonary and bron- 
chial veins in the adult and their embryonie origin as shown by Alfred 
Brown (2). Brown has shown that the pulmonary system in the cat 
arises from an indifferent splanchnic plexus in the region of the lung 
bud (pl. 31, fig. C). This plexus communicates on the one hand 
with the sinus venosus and on the other with the neighboring sys- 
temic veins (cardinals, segmentals, et al.). This plexus around the lung 
bud differentiates into two systems, the pulmonary and the bronchial. 

In the adult the lungs receive their blood supply from two sources, 
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the pulmonary arteries from the right ventricle and the bronchial 
arteries from the aorta. Typically the pulmonary veins drain the 
lungs of the blood brought in by the pulmonary arteries and, through 
connecting capillaries, a small amount of the blood brought in by the 
bronchial arteries reaches the pulmonary veins. Most of the blood 
brought in by the bronchial arteries, however, is carried away from 
the capillary plexuses around the bronchi by small bronchial veins 
which empty into the azygos and accessory hemi-azygos veins, repre- 
sentatives of persisting portions of the embryonic cardinals. Condi- 
tions similar to that shown in the anomaly that I have cited appar- 
ently arise as a result of some interference with the return of the 
blood through the pulmonary portion of the embryonic splanchnic 
plexus, thus causing both pulmonary and bronchial blood to enter the 
bronchial veins and resulting according to the laws of Thoma (3) 
in the enlargement of the bronchial system and an atrophy and dis- 
appearance of that part of the splanchnic plexus which would have 
formed the left pulmonary vein. 


Laws of Thoma (4): 

(1) An acceleration of the current leads to an enlargement of the lumen of a 
vessel, and a slowing of the current leads to its narrowing and _ final 
disappearance. 

(2) An inerease in the blood pressure is the cause for new formation of 
capillaries. 

(3) The growth in thickness of the vessel wall depends on the tension of the 
wall, which in turn is dependent upon the blood pressure and the diameter 
of the vessel. 

In this particular case then the large vein passing from the upper 
left lobe of the lung to the left innominate vein would be composed 
of the left bronchial vein and that portion of the accessory hemi- 
azygos between the innominate and the junction of the bronchial with 
the accessory hemi-azygos. On account of the great enlargement of 
this vein the distal portion of the accessory hemi-azygos appears as 
a side branch of the ‘‘anomalous pulmonary.”’ 

CHAPEL HILL, N. C. 
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THE EASTERN SHRUBBY SPECIES OF ROBINIA 
By W. W. ASHE 


The eastern shrubby species of Robinia are separated from Rob- 
inia pseudo-acacia L. (which has a smooth flat pod and white fragrant 
flowers) by having pods prickly, hispid, bristly or glandular and 
pink or purplish flowers. 


Key TO EasTERN SHRUBBY SPECIES OF ROBINIA 
Al. = alleghanian; C.—=carolinian. Au. = austroriparian. 
Twigs, petioles and pedicels viscid, pod flat, margined (Al. and C.). 
Twigs (often petioles, ete.) covered with viscid secretion....(1) R. viscosa Vent. 
Twigs (often petioles, ete.) with short gland-tipped viscid bristles 
(2) R. viscosa var. hardwegii (Koeh.) Ashe 
Twigs never viscid. 
Peduncles, twigs and shoots not hispid, rarely hispidulose. 
Leaves, twigs and peduncles eventually glabrous or nearly so. 
Flowers rose-purple, never fragrant; pods thick. 
Flowers about 15 mm. long, leaflets lance ovate (Al.) 
(3) R. kelseyi Cr. 
Flowers more than 17 mm. long, leaflets elliptic (A1.) 
(4) R. boyntonii Ashe 
Flowers pale lilae or pinkish, fragrant; pods flat (Au.) 
(5) R. margaretta Ashe 
Leaves and inflorescence canescent (Au.)...... (6) R. elliottii (Chapm.) Ashe 
Peduncles and vigorous shoots usually hispid (in 8 sometimes pubescent), 
pods thick. 
Flowers more than 20 mm. long, racemes few-flowered (Al.) 
OE IE Te ssisiteiiciinres rarininiensicaccsnectchemnsipeics (7) R. hispida L. 
Twigs sparingly hispid, often merely appressed pubescent. 
(8) R. grandiflora Ashe 
Flowers less than 20 mm. long, twigs never densely bristly 
Bristles on twigs short, gland-tipped; 6-18 flowered (C.) 
(9) R. longiloba Ashe 
Twigs usually glabrate; racemes 3-6 flowered (Au. & C.) 
(10) R. nana (Ell.) Spach. 


R. viscosa var. hardwegii (Koeh.) n. e—R. hardwegii Koeh. 


This plant is frequent around Highlands, North Carolina, associ- 
ated with the form which has viscid twigs. A few short gland- 
tipped hairs are to be found on nearly every plant with viscid secre- 
tion and as the pubescence becomes more dense there seems to be 
less of the viscid secretion, so that the form with the viscid secretion 
gradually passes into the form having viscid pubescence. 
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Robinia margaretta sp. nov. 

A shrub sometimes propagating by root suckers as well as by seed, 
1-1.4 m. in height or in cultivation becoming 3 m. high and with a 
single tree-like stem. Leaves, with linear acuminate herbaceous stip- 
ules, rarely with slender thorns, formed of 15 to 19 (to 23 in eul- 
tivation), elliptical rather thick firm leaflets, rounded or subecordate at 
base and rounded or retuse at the mucronate apex, green and some- 
times appressed canescent as they unfold, becoming essentially glab- 
rous with age, rachis sparingly hispidulose, petiolule 2-3 mm. long, 
canescent. Twigs slender glabrous or hispidulose, tan or light chest- 
nut. Racemes spreading 7-13 flowered; flowers faintly fragrant, pale 
lilae or with the vexellum slightly pinkish, and with a yellowish spot 
in the center, often with nearly white edges, 16-20 mm. long, the 
short broad calyx 7-10 mm. long, minutely glandular puberulent, the 
lobes abruptly acute about two-thirds the length of the tube; pedicels 
8-10 mm. long, puberulent and sparingly glandular hispidulose as 
well as the peduneles. The fruit in spreading clusters of 3-7, is linear 
7-10 em. long and about 1 em. wide, tipped by the slender curved style, 
very thin and sparingly hispid with short spreading bristles. Common 
on sand hills around Augusta, Ga., growing with longleaf pine and 
Carya pallida var. arenicola Ashe and near Greenwood, S. C., on red 
clay uplands with rosemary pine, southern red oak, and white hickory. 
A specimen from the latter place was cultivated at Washington for five 
years, fruiting freely, and stock from it distributed. In its small 
pale fragrant flowers, long racemes, flat pods, and numerous leaflets, 
this plant is allied to R. pseudo-acacia. It is possible that Tab. 19, 
Abbott’s Insects of Georgia, is intended to represent this species. 


Robinia grandiflora sp. nov. 
R. Hispida var. rosea Pursh, Fl. Am. Sept. (1814). Not R. rosea 
Loisel in Duham. Arb. Ed. nov. ¢ 17. 

A slender shrub 1-3 mm. in height or in cultivation reaching 5 
m., propagating extensively by root suckers as well as by seeds. Shoots 
and twigs mostly soft appressed silky pubescent or also sparingly 
setulose with weak spreading pale colored bristles; or vigorous shoots 
densely hispid near the tips. Leaves 15-30 em. long, the rachis 
mostly appressed pubescent, at least when young; leaflets 9-13 (to 17 
in cultivation), broadly elliptic or broadly ovate 4-6 em. long, mostly 
rounded at both ends and tipped with a very short mucro, bronze on 
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the upper surface and white satiny canescent on the lower surface as 
they unfold and permanently more or less appressed pubescent. Ra- 
cemes 6-9 em. long, 3-7 flowered; flowers large 20-23 mm. long, rose- 
purple or purple and white with a large pale spot on the vexellum; 
the calyx 12-15 mm. long, the lobes, gradually acuminate and much 
longer than the tube, purplish or whitish silky canescent, as well as 
the pedicels or often with short weak bristles intermixed. The fruit 
mostly solitary at the ends of the short pubescent and often some- 
what hispid peduneles is dark brown, 4.5-6.5 em. long, tipped by the 
stout slightly curved style, the slightly margined body about 1 em., 
wide and rough bristly where distended by the seeds, but the intervals 
often much constricted and nearly free from bristles. 

This plant was first collected by me on the south slopes of Grand- 
father Mountain in 1900 and a seed-bearing plant which attained a 
height of more than 4.5 m. was cultivated for many years. An in- 
fertile plant less hispid and more pubescent, the stock of which was 
collected by me on Grandmother Mountain, in 1915, has been in eul- 
tivation since that date and numerous plants from it distributed. 
This species is evidently closely related to R. hispida L., but is readily 
separated by its larger size, by its pubescence, paler flowers and the 
fact that it is less hispid. Type, W. W. A., Grandfather Mountain, 
N. C., July, 1900. 

Many plants of this species, of R. hispida and of R. longiloba, 
although having perfect flowers do not set fruit. Meehan apparently 
first called attention to this in the case of R. hispida in cultivation. 
Large patches of R. longiloba have been examined, all evidently from 
the same stock by vegetative propagation without signs of fruit— 
and it is possible that certain patches may not fruit, just as the plant 
of R. grandiflora which I now have in cultivation has never set fruit 
—but this I have attributed possibly to the lack of cross fertilization. 
T have recently obtained fruit of what seems to be typical hispida and 
have a plant from the seed now growing. 

Forest SERVICE, 

WASHINGTON, D. C. 








A NEW OAK FROM THE GULF STATES 


By W. D. STERRETT 


There was recently brought to my attention by W. W. Ashe, of the 
U. S. Forest Service, material of an oak he collected in Louisiana and 
eastern Texas, and which he seemed to regard as possibly an unde- 
seribed species. This material he suggested might represent the same 
form as a tree which I found in South Carolina in Mareh, 1921, and 
which I discussed with him: a tree of wet flat woods with leaves some- 
what resembling post oak, but locally regarded as a timber tree much 
superior to the post oak. It was not possible, however, to secure at 
that season adequate material for study. Information regarding this 
tree he thought might be of service to me in connection with the prep- 
aration of a bulletin on which I worked for the United States Forest 
Service on the distribution and economic importance of the oaks of 
eastern United States and on which Mr. Ashe freely gave me assist- 
anee and suggestions. The description of this tree based on Mr. 
Ashe’s material and notes is as follows: 


Quercus ashei, sp. nov. 

The lower leaves, broadly obovate in outline, are 8-12 em. long, 5-9 
em. broad, deeply 5-lobed, the terminal lobe and upper pair of lateral 
lobes very broad at the obtuse or even square ends which are usually 
slightly 3-notched, the lower pair much shorter and more rounded; 
usually rounded at the very narrow base; thin but firm in texture, 
dark green and lucid above, and at first more or less stellate pubes- 
cent, especially on the midrib; much paler beneath, and clothed at 
least at first with scattered short stellate pubescence, but often glab- 
rate with age; midrib slender with one pair of prominent lateral veins 
at or above the middle; petiole short, 3-6 mm. long, slender, more or 
less permanently stellate pubescent. The upper, sun leaves, resem- 
bling those of white oak, thicker, and with thickened margin, pinnated 
into 3-7 ascending entire lobes, rounded or cuneate base and much 
longer petiole. Buds small, obtuse, dark chestnut, at first with the 
outer scales stellate pubescent, at length nearly glabrous. Twigs very 
slender, 2-3 mm. thick, grooved and covered when young with loose 
brown cr brownish-gray pubescence which is usually more or less 
persistent until autumn. The fruit often in clusters of 2 or 3 is ses- 
sile or sometimes on a stalk as long as the nut, 12-18 mm. long, in- 
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cluding the cup; the cup from 9-12 mm. wide and not quite as long 
is almost top-shaped or with slightly rounded sides, the margins thin 
and closely appressed against the nut, closely gray-canescent and cov- 
ering about one-third of the ovate nut. 

A tree 20-30 m. in height growing on better drained alluvial lands 
from the Sabine River in Wood County, Texas, eastward to Winn 
Parish in Louisiana (type, No. 1128W, from near Hinton, Winn Par- 
ish, La., in Mr. Ashe’s herbarium), with a decidedly tapering usually 
excurrent trunk 9-12 dm. in diameter, a short bole and rather short 
spreading branches which form an oblong crown. Bark on trunk steel 
gray, broken by deep furrows into narrow, flat-topped ridges, rarely 
exfoliating in thin flakes; that on the angled limbs and on the branch- 
lets gray and smoother. 

Common in willow oak flats and also in association with water 
oak, Quercus obtusa, Q. prinus, Q. shumardii, and white ash. This 
tree has the general aspect of a post oak of large size, but the crown 
is prevailingly much narrower and its slender twiggage is very char- 
acteristic. From Q. stellata it differs in its slender twigs, smaller and 
thinner foliage, and small dark red-brown and not large tan buds; 
from Q. marga:etta in its shorter and more rusty pubescenee, which 
largely persists on the twigs; and from both in the far smaller nut 
and eup and shorter petiole of the shade leaves. It resembles-in sev- 
eral particulars Q. stellata paludosa Sarg. (Bot. Gaz. May, 1918, 441) 
but that is described as having the fruit similar to the fruit of the 
post oak, whereas according to Ashe’s notes, T. J. Gough, of Hinton, 
La., woods foreman of the Urania Lumber Company, and others, re- 
gard the smaller acorns as being one character which separates the 
two trees; the very slender twigs and white oak-like upper leaves being 
other distinetive characters. The local name in Texas is water post 
oak or swamp post oak; at Hinton, La., it is water oak, Q. nigra there 
being called pin oak. Louisiana State Forest Ranger C. N. Bilbray 
regarded the larger trees in Middle Creek swamp, Natchitoches Parish, 
La., as white oaks. 


WASHINGTON, D. C. 








A NEW GENUS OF WATER MOLD RELATED TO 
BLASTOCLADIA 


By W. C. CoKER AND F. A. GRANT 
PLATE 32 
Septocladia n. genus. 

Plant small, slender, the short or long stalk not conspicuously dif- 
ferentiated ; branches usually dichotomous, often verticellate in groups 
of 3-5, separated from the nodes by distinet and complete septa, not 
constricted at intervals; in vigorous cultures repeating the branching 
in the same way to form a complex plant. Sporangia oval, terminal, 
sympodially arranged, not rarely in chains of several, often clustered 
by the shortening of the branches, which continue the stem by one or 
more lateral buds beneath. Spores biciliate at times, but the two cilia 
so closely approximated or fused as usually to appear as one. Resting 
bodies (unfertilized eggs), borne in the same way as the sporangia and 
of the same size and shape, at maturity enclosed in a thin, hyaline 
sheath out of which they finally fall through an apieal slit; the wall 
brown and conspicuously pitted as in Blastocladia: the whole probably 
representing a thin-walled oégonium completely filled with a thick- 
walled parthenogenetic egg. 

A saprophytie aquatie of anomalous structure and differing from 
all other Phycomyecetes in the regular and normal septation of the 
plant body. To be placed in the Family Blastocladiaceae. 


Septocladia dichotoma n. sp. 

Characters of the genus. Threads extending about 3 mm. from 
the substratum on a termite ant, about 10-73,» thick, growing grad- 
ually more slender distally at each joint, basal joints 35-130u long, 
those of central region up to about 675p long; tips blunt, hyaline. 
Sporangia oval, 28-46 x 55-764; spores escaping singly through one 
or two usually apical holes or short papillae, biciliate (or uniciliate 
by fusion of the two cilia?) oval when swimming with the cilia apical, 
monoplanetic, amoeboid before eneysting 10 thick when at rest; 
sprouting by a slender thread. Resting bodies appearing later than the 
sporangia but of the same shape, 25-39.2 x 36.3-49.2u, the conspicuous 
pits apparently sunken from the outside in regular fashion as in 
Blastocladia Pringsheimii, at maturity slipping from the thin, clasp- 
ing sheath; their sprouting not observed. 
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Found only onee, October 20, 1921, on a knuckle bone of beef 
partly covered with water, in Sparrow’s pasture, Chapel Hill, N. C. 
(F. A. Grant col.). 

There is no doubt of the close relationship of this plant to Blasto- 
cladia of which four species are now known, and which was made the 
type of a new family, Blastocladiaceae, by Minden (Crypt. Flora, 
Mark Brand. 5: 506. 1912). The four known species of Blastocladia 
are as follows: 

Blastocladia Pringsheimii Reinsch (Jahrb. f. Wiss. Bot. 11:291. 1876). Sporan- 
gia much elongated, resting bodies with thick and pitted wall, not slipping 
from a sheath at maturity; sterile, slender filaments often present among 
the reproductive bodies. : 

Blastocladia rostrata Minden (Il. ¢., p. 604). Much like B. Pringsheimii, but 
resting bodies slipping from sheath at maturity. 

Blastocladia ramosa Thaxter (Bot. Gaz. 21:50. 1896). Sporangia shorter; 
resting bodies with thin and scarcely pitted wall; sterile filaments absent. 

Blastocladia prolifera Minden (1. e. p. 606). Much like B. ramosa, but 
sporangia proliferating internally, as in Saprolegnia: the only species 
with this habit. Resting bodies slipping from a sheath at maturity. 

In the form of the sporangia and resting cells and in the absence of 
sterile filaments among them our plant resembles most closely B. ram- 
osa and B. prolifera. The remarkable resting bodies with their thick 
brown, strongly pitted walls and peculiar habit of slipping at maturity 
from the closely fitting sheath are so strikingly similar in structure 
and habit to those of B. rostrata and B. prolifera and in structure to 
those of B. Pringsheimii that one is immediately convinced of their 
close relationship. The diagnosis of the family will have to be ex- 
tended to include septate as well as non-septate forms. 

On an agar plate the plant does not do well. A few root-like 
threads grow out, branched and with cross-walls in the older portions, 
and in these older portions are found resting bodies or sporangia, 
sometimes fifteen or twenty of the latter may be in a row. The re- 
productive bodies are sometimes found in clusters or single on short 
lateral stalks. . 

On boiled corn grain the growth is good. The threads are about 
the same size as on an ant but average longer, as much as 5 mm. The 
protoplasm in threads is not as dense as when grown on ant. 

Threads at substratum as large as 102» in diameter. Sporangia 
are produced better than on ants, and resting bodies are so abundant 
that with the unaided eye they give a brick dust color to the entire 
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culture. The resting bodies are at first dark and have numerous large 
oil droplets. As they get older the walls assume a yellowish-brown 
color and the contents become homogeneous. They appear singly along 
the branches in sympodial arrangement. 

In a discharging sporangium a few spores that failed to get out 
were observed to crawl about actively in an amoeboid fashion for a 
good while. After an hour they had eneysted and one had sprouted. 

The spores are of a peculiar internal structure, resembling closely 
those of B. Pringsheimii as shown by Thaxter (1. e. pl. 3, fig. 11). 
Most of the protoplasm is at the end opposite the cilia, the center is 
almost clear and the cilia seem to extend down through the clear tip 
to a protoplasmic mass below, as*shown in our fig. 5. 

CHAPEL Hiu, N. C. 


EXPLANATION OF PLATE 32 


Septocladia dichotoma 


Fig. 1. Empty sporangia in chains. x 154. 

Fig. 2. Three sporangia, one discharging spores, two empty. x 420. 

Fig. 3. Vegetative branch, showing short joints and young resting bodies. x 59. 

Fig. 4. Optical section of resting body and empty sporangium with two aper- 
tures. x 420. 

Fig. 5. Two spores showing cilia. x 1296. 

Fig. 6. Spores showing amoeboid movement before encysting. x 810. 

Fig. 7. Sprouting spores. x 1008. 

Fig. 8. Habit sketch, showing empty sporangia and resting bodies. x 96. 

Fig. 9. Vegetative tips, showing refractive bodies and clear blunt tips. x 150. 

Fig. 10. Optical section of mature resting body with empty sporangium below. 
x 420. 

Fig. 11. Long, slender thread on corn grain, showing sympodial arrangement 
of resting bodies. x 96. 

Fig. 12. Surface view of resting body, showing pits. x 420. 

Fig. 13. Part of branch, showing thin sheath out of which the resting body 
(Fig. 12) has slipped. x 420. 

Fig. 14. Section of thick wall of the resting body, showing the pits and the 
sheath outside. x 1296. 

Fig. 15. Mature sporangium just before discharge of spores. x 420. 

Fig. 16. Group showing some sporangia before maturity and some after empty- 


ing. x 96. 
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FOREST TYPES OF THE APPALACHIANS AND 
WHITE MOUNTAINS 


By W. W. ASHE 
I. DEFINITIONS AND ENUMERATIONS OF TYPES* 


Within the White Mountains of New England and in the Appa- 
lachians} from Pennsylvania southward more than 50 distinct forests 
types or tree societies occur. Of these, more than 30 are within 
the »Alleghanian area (Castanea and Betula lutea-Pinus strobus 
phases) of the Transition life zone; about 10 are in the Canadian 
life zone, and about the same number in the Carolinian area of the 
upper Austral zone, which extends well up into the mountains towards 
their southern end (Appendix 1). 


DEFINITION OF FOREST TYPE 


The forest type is that arborescent species or admixture of species 
with the accompanying subordinate vegetation (which taken together 
constitute the vert) which nature has developed as best adapted to 
given site. For this reason an understanding of the distribution 
of the forest types, their composition, and the determining environ- 
mental factors are a necessary basis for the best silvicultural prac- 
tice. Unfortunately, site and type have been confused: The site is 
the sum of the ecological (7. e., edaphic, topographic, and meteorologi- 
eal) factors; the forest type with its accompanying life is the biotic 
corollary as it exists. 


TYPE CHANGES 


The type does not necessarily, even in the absence of stress, 
replace itself in all its elements without change. There are (1) 
changes in composition due to replacement (oscillations); and (2) 
changes due to modification of the accompanying flora, especially the 


* The detailed composition of the forest types, their relationship and local distribution, 
especially their altitudinal distribution will be presented in subsequent papers, as well as 
the grouping of the White Mountain forest types. 

7 There was submitted at the meeting of the Society of American Foresters held at 
Toronto, Canada, December 28, 1921, a paper with the title “‘Reserved Areas of Forest 
Types as a Guide in Developing an American Silviculture.”’ That paper records the most 
accessible location of areas in an unmodified or little modified condition of each of the 
upland Appalachian types noted in the tabulation herewith presented. The suggestion 
was made in that paper that the Society of American Foresters consider the subject of 
recommending that these areas or similar areas of forst types be withdrawn from exploita- 
tion and be held primarily for demonstration purposes. That paper, however, was read 
by title only but will appear in the February, 1922, issue of the Journal of Forestry. 
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micro-organisms which promote nitrification. Type replacement may 
be effected 

(1) By direct self-replacement under cover, as spruce beneath 
spruce, or hemlock beneath hemlock. 

(2) By direct self-replacement without cover, as southern jack 
pine or mountain pine in openings caused by the death of old trees 
of the same species. 

(3) By alternation: Yellow poplar, for example, replacing chest- 
nut when it windfalls or dies; and chestnut establishing itself be- 
neath the cover of the poplar; rosemary pine appearing in oak wind- 
falls; and oak appearing beneath the cover of the pine. 

(4) By succession (often following fire or resulting from wind- 
falls, ete.), as a nurse stand (temporary type) of aspen, birch, and 
popple followed by a stand (permanent type) of spruce. 


PERMANENCE OF TYPE 

While the type is essentially permanent, oscillation in its composi- 
tion from time to time or intermission in the continuity of its perma- 
nent form may oceur. In addition to such oscillations within the 
type, the site may be subject at least to slight or temporary modifi- 
cation by the type (edaphie changes). For example, there is evidence 
for believing that the accumulation of humus beneath the oak-yellow 
poplar mixture on certain situations due to retarded nitrification may 
result in accumulation of raw humus and the development of a 
subpeaty site and thus favor a change to a chestnut site and chestnut 
type; or a chestnut type quality 1 may with inerease in peaty accumu- 
lations and greater acidity become highly favorable for invasion by 
laurel, and the site decline to chestnut quality 2 with laurel. On 
swampy sites there may eventually be better drainage as a result of 
accumulation of humus, resulting in a drying of the site (Appen- 
dix 2). For instance, an alder and red maple site may become suit- 
able for red maple and white oak. The type also is subject to change 
by natural stresses within itself (Appendix 3). The killing of 
chestnut by Endothia parasitica on large areas is resulting in pro- 
found changes in the forest types on what originally were chestnut 
sites; and undoubtedly this must be regarded as constituting an 
organic change in the forest types in the region which is affected, 
until or unless a resistant strain is developed from individual trees. 
Such resistant individuals are often noted. 
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SEPARATION OF TYPES 

In deciding what shall be regarded as constituting a permanent 
forest type or tree society in such a complex as obtains at the southern 
end of the Appalachians, only such societies have been considered 
as are most sharply defined and well marked either by composition 
or, in the ease of pure stands (at least 669 pure), by marked differ- 
ences in the height of the dominant trees and in the volume of wood 
(quality of stand). The intergrading or transitional stages have 
been neglected, as well as temporary types. In such societies the 
quality of the stand, which is an expression of the possibility of yield 
of the tree society, is considered as important a concept as is varying 
proportion of species: for example, practically pure stands of chest- 
nut oeeur and are widely distributed from Connecticut to north- 
eastern Alabama, but the chestnut in the pure stands of this species 
on different sites may vary greatly in height from not to exceed 40 
feet along dry and wind-swept upper slopes and crests of ridges, to 
exceeding 110 feet on sites most favorable for its growth. The same 
condition is observed in other species, and for this reason to obtain 
an adequate expression of the forest site the height of the trees in the 
mixture should be considered as a feature as well as the intermixture 
of species. With this variation in the height of the overwood there 
is a concomitant change in the character of the undershrubs and her- 
haceous associates. 

In the division of pure stands into types, the height of the domi- 
nant trees (Appendix 4) in the mature forest has been regarded as 
the criterion, with an interval of 25 feet (Appendix 5) between the 
different types. It has been suggested (Appendix 6) that this inter- 
val be standardized on the basis of 20 feet at 100 years for Appa- 
lachian species, which for stands of old timber practically conforms to 
the interval of 25 feet which is being employed. This interval in 
height results in a difference exceeding 2,000 cubie feet of wood 
per acre in stands of average height (100 feet), and indicates a great 
difference in the average amount of available soil moisture in the 
root zone on soils having the same mechanical condition and depth 
(Appendix 7), 7. e., a difference in the number of critical (dryest) 
periods and a corresponding difference in the maximum depth of the 
water table; or a marked difference in transpiration and evaporation 
of soil moisture. 
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The passage from one forest type to another is seldom abrupt, 
but usually there is a gradual transition, as that which accompanies 
(1) difference in altitude; (2) variation in drainage, as when the 
mountain slopes are ascended; or (3) change in the physical texture 
of the soils, where the soils are residual and have been more or less 
transported and difference in available moisture results. The most 
abrupt transition from type to type within a short distance is usually 
that which is due to difference in insolation, between north and south 
slopes (Appendix 8), especially when the slopes are steep, or that 
which results from marked differences in soil composition, especially 
that between residual soils from the weathering in situ of calcareous 
rocks (and still containing enough lime to render them alkaline or 
neutral) (Appendix 9), and contiguous soils derived from a country 
rock deficient in lime or potash. 

In the eastern prevailingly gneissic, metamorphosed and foliated 
division of the Appalachians, there is no definite stratification of the 
country rock, and the forest types occur characteristiecally in patches. 
In the Alleghanies, on the other hand, where there is not only definite 
stratification but great difference in the character of the country 
rock—soft limestone, cherty limestone, clay shale, sandy shale, sand- 
stone and quartzite alternating and the extremes often being in juxta- 
position—the types are prevailingly in horizontal zones along the 
slopes of the long ridges trending northeast and southwest which 
characterize the Alleghanian structure, the zonation of the types 
due to stratification of soils being interrupted by surface configura- 
tion, where minor valleys and hollows indent the slopes. 

The facies of the mixed type (society) can often be separated into 
two groups of species: That portion of it which is formed of species 
each of which constitutes more than 20 per cent of the stand, con- 
trolling species, and the minor species each of which forms less than 
20 per cent though more than 5 per cent of the mixture. Locals 
are species of limited distribution and while within a limited area 
they may be abundant in a type, they do not form a general feature 
in it throughout its entire distribution (Cladrastis tinctoria, Robinia 
viscosa, Magnolia macrophylla, Tsuya caroliniana). Loeals may be 
species in the formative stage or they may be relics of species possi- 
bly onee of wide distribution which have become nearly extinct. 
Vagrants are species of wide distribution entering possibly many 
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forest types but seldom sufficiently abundant in any locality to form 
a distinctive feature in a type (Sassafras, Magnolia acuminata). 
.A certain species or several species within the facies of the accom- 
panying vegetation may be so indicative of the type as to be index 
species. These may be of particular importance in the under shrubs 
and herbaceous concomitants and have significant value in indicating 
the character of the superior association after it has been destroyed 
(Appendix 10). A knowledge of the shrubby and herbaceous index 
species, especially such as are not affected by the removal of the 
superior stand (sun species), is economically of paramount impor- 
tance as a guide in the determination of the quality site in cases 
where the superior stand has been cut, especially in the case of 
pure stands. The vert in the Appalachian forests usually may be 
separated into (1) the superior stand overwood or sun stand of 
designated species, a portion of the trees in which may be dominant, 
a portion intermediate and codominant, and a portion suppressed 
(Appendix 11); (2) beneath the superior stand there may be an 
inferior stand or underwood of trees or shrubs tolerant of shade 
(such as dogwood, witchhazel, sourwood, laurel, or Kalmia), and 
below this a ground cover or mat of small shrubs (Vaccinium 
Leucothoé, Xolisma) as well as an herbaceous flora, each a more or 
less distinetive and varying concomitant of the forest type. 

Some of the important features of the forest associations of the 
Appalachians have been considered in connection with its general 
phytogeography. Kearney, in an excellent article, discusses some 
of the forest types as developed at the extreme southern end of the 
region. Harshberger considered the central portion of the region in 
two articles published in 1903 (Appendix 12), and later, 1911 
(Appendix 13), covered the subject in a broader manner; while 
Schimper (Appendix 14) also discussed the forests of this region in 
their local distribution. The forest types in which chestnut occurs 
have been briefly considered in ‘‘Chestnut in Tennessee,’’ and there 
are a number of other references in forest literature of the Appa- 
lachians to the forest types of the region. 


TABULATIONS OF FOREST TYPES 
In the tabulations below the following common names are em- 
ployed (see Journal of Forestry 14: 233. 1916): 
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Mountain pine for Pinus pungens; Black pine for P. rigida; Rosemary pine 
for P. echinata; Small shagbark hickory for J/icoria carolinae septentrionalis ; 
Sand hickory for H. pallida; Spanish oak for Quercus coccinea; Spotted oak 
for Q. shumardii Buck. (See Bull. Charleston Museum 14: 2, 9, 1918) ; Southern 
red oak for Q. rubra L. (Q. falcata Mx.); Mountain lin for Tilia heterophylla 


c 
of Authors. 
APPALACHIAN FOREST FORMATION 
Associations Socicties or Forest Types 


TWO cas cctsssissossscscstvecsnsonvasetain Spruce, qualities 2, 3, 4, 5, sub 5. 
Spruce with southern balsam. 


OR saticscinsiceniasniniincianiinniiiiad Hemlock and spruce. 
Hemlock—birch, qualities 1, 2, 3. 
Beeeh—birch—sugar 
I sisciicciancccccniieoninsniisiiiii Beech—birch—sugar maple, quality 3. 
Beech pure, qualities 4, 5. 
Yellow buckeye—sugar maple—yellow birch, quali- 
ties 2, 3. 
Mountain lin—black birch—yellow buckeye—white 
ash, quality 2. 
Black cherry—sugar maple—bireh—mountain lin, 


quality 2. 
CI srsencecesticnveniiinninnnmecinn Qualities 2, 3, 4, 5. 
TOOT BO i vvccenscccsrensiciincs With red oak—chestnut—hemlock, qualities 1, 2. 


With white oak—sugar maple, quality 1. 
With white oak—black oak—white hickory, quali- 
ties 3, 4. 


With black gum—red maple—white oak, quality 3. 





RC ORs seccccssinsnsssecsseesesnenupinns Qualities 4, 5, sub 5. 
CEE ic scnenssnesencscnsicnsias Qualities 3, 4. 5. 
ED i sccinstsscseccvesacsnonensed White oak, qualities 2, 3. 
Mixed oaks (southern red oak and sand hickory). 
PGUNTETE CO cc cnicccecscnseveoervensenes Quality 3. 
Serub 0ak..........cceeeeeeeeeeeeeerub oak barrens, quality sub 5. 
PU OBR ssccnisccsecieseceaecntecsesascsscee With red maple—black gum—alder, quality, 3. 
NG CPs cniccincseicsececcsaniescanes White pine, qualities super 1, 1, 2. 


White pine, white oak, and chestnut. 
Black pine and Spanish oak. 
Rosemary pine and black oak. 
Rosemary pine and post oak. 
Rosemary pine and blackjack oak. 
Spruce pine. 


Mountain pine. 
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PHYSIOGRAPHIC AREAS AND CHIEF ASSOCIATED FOREST TYPES 
IN APPALACHIANS 


Canadian Life Zone 

Highest crests (over 6,000 feet, in North Carolina and Tennessee). 

Red spruce (subalpine). 
Alnus viridis. 
Rhododendron catawbiense. 

High crests and thin-soiled upper slopes (5,500 to 6,000 feet, in North 
Carolina and Tennessee; over 3,500 feet in northern West Virginia. 
Red spruce, qualities 4 and 5. 

Southern balsam, qualities 4 and 5. 
Medium slopes. 
Red spruce, qualities 3 and 4. 

Lower slopes and valleys (within the Canadian zone) (4,000 to 5,500 feet, 
in North Carolina and Tennessee; over 3,000 feet in northern West 
Virginia). 

Red spruce, quality 2. 
(Spruce and yellow birch, intergrading). 
(Spruce and hemlock, intergrading). 

Swamps. 

Black spruce and southern balsam. 
Alleghanian Area of Transition Life Zone 
Very high crests (over 5,000 feet, in North Carolina and Tennessee; over 
2,500 feet in northern West Virginia). 
Beech pure, quality 4. 
Red oak pure, quality sub 5. 
Chestnut pure, quality 5. 
High crests. 
Chestnut pure, quality 5. 
Chestnut oak pure, quality 5. 
Serub oak, quality sub 5. 
Red oak pure, qualities 4 and 5. 

Lower crests. 

Spruce pine—chestnut oak, quality 4. 

Mountain pine—black oak, quality 4. 

Chestnut oak pure, qualities 4 and 5. 

Serub oak, quality sub 5. 

Yellow poplar—black oak—white hickory, quality 4. 


High slopes, north and west aspects. 








Yellow buckeye yellow birch, qualities 2 and 3. 
Beech—yellow birch—sugar maple, quality 3. 


Hemlock—bireh, qualities 2 and 3. 


sugar maple 
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High benches. A 
Black cherry—sugar maple—mountain lin—black birch, quality 2. 
Red oak pure, qualities 4 and 5. 

Beech pure, qualities 4 and 5. 

High slopes, south aspects. 

Chestnut pure, qualities 4 and 5. 

Slopes (middle altitudes), northern and western aspects. 
Chestnut pure, qualities 3 and 4. 

White oak pure, quality 3. 

Hemlock—birch, qualities 1 and 2. 

Black pine—chestnut oak—Spanish oak, quality 4. 





Slopes (middle altitudes), southern aspects. 
Chestnut pure, qualities 3 and 4. 
Chestnut oak pure, qualities 3 and 4. 
White oak pure, quality 3. 
Slopes (lower) northern aspects. 
Chestnut pure, qualities 2 and 3. 

White oak pure, qualities 2 and 3. 

Spanish oak pure, quality 3. 

Yellow poplar—white oak—black oak—white hickory, qualities 3 and 4. 
Slopes (lower) southern aspects. 

Chestnut pure, qualities 2 and 3. 

Chestnut oak pure, quality 3. 


White oak pure, qualities 2 and 3. 


Hollows, ravines, coves. 


Chestnut pure, quality 2. 
Mountain lin—buckeye—ash, quality 2. 
Yellow poplar—chestnut—red oak—hemlock, qualities 1 and 2. 


Yellow poplar—white oak—sugar maple, quality 1. 


Alluvials (drained) and valleys. 


Yellow poplar—white oak—black gum—red maple, quality 3. 
Beech pure, quality 4. 

White pine, qualities super 1, 1 and 2. 
Hemlock, qualities 1 and 2. 


Swamps. 





Red maple—pin oak—alder—green ash—black gum. 


Carolinian Area of Upper Austral Life Zone 





Crests and dry flats (under 2,500 feet, in North Carolina; under 1,500 feet 
in Augusta County, Virginia). 

Rosemary pine and post oak, quality 3. 

Rosemary pine and blackjack oak, quality 4. 

Slopes and flats. 


Rosemary pine—black oak—white hickory, quality 2. 
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Black oak—southern red oak—white oak—sand hickory, quality 2. 
Spotted oak—black oak—northern red oak—chinquapin oak—southern 
sugar maple—Biltmore ash, quality 3. 
Chinquapin oak—small shagbark hickory—northern red oak—post oak— 
red cedar, quality 4. 
Alluvials and riparian. 
Sweet gum—swamp southern red oak—spotted oak—black gum—Acer 
tridens—green ash—Celtis laevigata, quality 2. 
Sweet gum—white oak—black gum—shagbark hickory—sycamore, quality 2. 
River birch—sycamore—red maple—black willow, quality 3. 
MOST IMPORTANT VEGETATION TYPES (APPALACHIANS) 
Mesophytic associations 
Deep soils. 
White oak societies. 
Yellow poplar societies. 
Chestnut societies. 
Black oak—southern red oak society. 
Medium soils. 
Black cherry—birch, quality 2. 
Spanish oak, quality 3. 
Yellow buckeye—white ash—mountain lin societies. 
Shallow soils. 
Red oak societies, qualities 4, 5 and sub 5. 
Beech, qualities 4 and 5. 
Xerophytie associations 
Mountain pine. 
Spruce pine. 
Black pine. 
Yellow pine. 
White pine. 
Scrub oak, quality sub 5. 
Lithophytie associations. 
Chestnut oak societies. 
Red spruce societies. 
Hemlock—yellow birch, quality 3. 
Psychrophytic associations. 
Red oak, quality sub 5. 
Alnus viridis. 
Rhododendron catawbiense. 
Hemlock—yellow birch (to southward). 
Yellow buckeye—sugar maple—birch (to southward). 
Beech, quality 5. 
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Oxylophytic associations. 
Chestnut with laurel, qualities 4+ and 5. 
Rhododendron catawbiense. 


Helophytic associations. 


Red maple—black gum—green ash—alder. 
For most of the forest types listed the quality sites are given, the 
quality of the site being indicated by the dominant trees in the super- 
ior stand having the general range of heights as follows: 


UNTER BUNCE Bi visscccesscnncaiensnsesnsenstorsoseccsascensinaanineisaonitidd 140 feet and over 
I Beisaiesccietsacecnsesabincintaeneneanisncanisinasncopcaledleaaeninaaigeels 125-139 feet 
INE ti esac cetcceasasectseciocsibnascaiuier Canc ccsaceamomeenatbadcer anima caioniaae 100-124 feet 
EE Di ciccccciisnasvasmsinnsccnsieiicicneteshansahiabtoadanenenubenaicieis 75-99 feet (average) 
I ists ennnsncinssastasnecieniaipinceibinsvcnilacnp tibia teniieigie naa a a 
I Giiicctcirnacssninscennenimictinmininnevinnmcacinimnicsdnaianiaanna me. aan 
GIEBTCT GU Gisescccececesnescscsccussscccisssescovesnvcecvassevetwosearssuoesoneesl Under 25 feet 


FOREST TYPES OF CANADIAN LIFE ZONE WITHIN THE APPALACHIANS 
In the Canadian Life Zone the following forest types are repre- 
sented in the Appalachians: 


1-5. Red spruce, qualities 2, 3, 4, 5, sub 5 (subalpine). 
6. Southern balsam, quality 4 


ba | 


. Alnus viridis (local). 
8. Rhododendron catawbiense (local). 
9. Biack sprucee—balsam (local). 


FOREST TYPES OF ALLEGHANIAN AREA, TRANSITION ZONE 


In the Alleghanian area of the Transition Zone there are two dis- 
tinct forest divisions: the chestnut phase and the white pine and 
sugar maple—birch phases. The chestnut phase is the more southern, 
while the forest types of the white pine and sugar maple—birch 
phases are more representative of the Alleghanian area to the north- 
ward. In the following notes the paragraphs are numbered according 





to the numbers of the types. 


1-4. Chestnut pure types, qualities 2, 3, 4 and 5. These types with their 
transitions to other types occupy not less than 10 million acres from Connecticut 
to northern Alabama. They are located especially on the acid and subacid 
(often semi-peaty top soil, Porter black loam of the Bureau of Soils series) 
soils from gneiss, metamorphosed sandstone and sandstone deficient in lime and 


potash (Appendix 15). 


5-7. Chestnut oak pure types, qualities 3, 4 and 5. These types occupy not 











si 
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less than 2 million acres from Pennsylvania southward. They are located especi- 
ally on soils derived from sandstone and shale. 

8-9. White oak pure types, qualities 2 and 3. These types occupy not less 
than one million acres. They are especially developed on the dryer soils derived 
from shales and located to the west of the Blue Ridge, though they likewise occur 
along and to the east of the Blue Ridge in northern Virginia and to the northward. 

10. Spanish oak type, quality 3. This type occupies not less than 500,000 
acres. It is especially developed on the dryer phases of subacid soils derived 
from gneiss between 2000 and 4000 feet altitude in the mountains of western 
North Carolina. In south central Pennsylvania, Maryland and northern Virginia 
it occurs at altitudes between 1,000 and 2,000 feet. 

11. Serub oak type, quality sub 5. This type occurs usually in small areas, 
the aggregate being not in excess of 50,000 acres, largely in Virginia, West 
Virginia and to the northward. In the mountains of Virginia, West Virginia 
and Maryland it is characteristically developed on shallow soils derived from 
sandstones and shale. It fringes many of the shrubby barrens along the crests 
of the Shenandoah Mountains. 

12-13. Yellow buckeye—sugar maple—yellow birch types, qualities 2 and 3. 
This society extends southward from Roan Mountain (Appendix 16) to the Great 
Smoky Mountains, being typically developed on north slopes between altitudes 
of 4500 and 6000 feet. They occupy thousands of acres in the Smoky Mountains, 
where they are at their optimum. To the northward by dilution they merge into 
the beech—birch—maple society. 

14. Black cherry—-sugar maple—mountain lin—black birch type, quality 2. 
This type is probably at its optimum in West Virginia and Pennsylvania on 
elevated portions (3000 to 3500 feet) of the Alleghany plateau. In North Caro- 
lina it occurs only in patches usually between 4500 and 5500 feet. In West 
Virginia, however, the lin ceases to be a component. 

15. Mountain lin—yellow buckeye—white ash type, quality 2. Most char- 
acteristically developed along the eastern Appalachians in Tennessee and North 
Carolina between 3000 and 5000 feet altitudes, prevailingly in coves and hollows. 
It does not extend north of West Virginia. 

16-17. Yellow poplar—chestnut—red oak—hemlock types, qualities 1 and 2. 
These are characteristic cove types of the southern Appalachians and ure at 
their optimum between southeastern Kentucky and the mountains of northern 
Georgia. Quality 1 produces heavier yields of hardwood lumber than any other 
association within the Alleghanian area. It is best developed between 2500 and 
3800 feet in North Carolina and Tennessee. In middle Pennsylvania, where its 
identity is lost, it occurs below 2000 feet altitude. 

18. Yellow poplar—white oak—black gum—red maple type, quality 3. This 
forest type indicates the wettest site on which yellow poplar naturally grows. 
It is well developed on gravelly flats on the head of Davidson River, Transylvania 
County, N. C., but is not uncommon on similar sites throughout the region. 

19. Yellow poplar—white oak—sugar maple type, quality 1. This society is 
characteristically developed in middle Kentucky, middle Tennessee, and extends 
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southward through the Sand Mountain of northern Alabama. It occupies not 
less than a million acres, much of it on limestone soil, being some of the most 
productive land in these states. 

20-21. Yellow poplar—white oak—black oak—white hickory (big leaf cu- 
eumber) types, qualities 3 and 4. These types are typically developed on sandy 
soils, often calearious, on the Cumberland Mountains in Tennessee and the Sand 
Mountain in Alabama. Quality 4 represents the dryest site on which the yellow 
poplar occurs. 

22-23-24. Red oak pure types, qualities 4, 5 and sub 5. These types occur 
in comparatively small bodies along crests of ridges and north slopes with 
shallow soil from Pennsylvania southward to northern Georgia. In northern 
Georgia and the adjacent territory they occur between 3000 and 5000 feet alti- 
tudes. They probably occupy in excess of 100,000 acres. In the White Moun- 
tains these types occupy south slope or valleys (as on Oliverian Brook, Bethlehem, 
Grafton County, N. H.). 

25-26. Beech pure types, qualities 4 and 5. These stands occupy compara- 
tively small areas along the crests of the ridges, mountain summits, and benches 
on upper slopes between (in North Carolina) 4500 and 6000 feet. It is doubtful 
if the aggregate area exceeds 10,000 acres. (Appendix 17.) 

27. Beech—yellow birch—sugar maple type, quality 3. This forest type 
occupies several million acres. To the northward it is characteristically developed 
at medium altitudes on loamy and elay soils, often rocky. To the southward it 
becomes limited to north slopes and correspondingly higher altitudes, phases of 
it frequently occupying extensive areas of stony soil, especially on the Cumberland 
plateau and the north slopes of sandstone ridges. 

28. Red maple—pin oak—green ash—black gum—alder type. This is charac- 
teristically a type of the wet clay flats and wetter alluvials and enters the Appa- 
lachians only in Virginia, West Virginia and Pennsylvania. It is one of the 
less important types occupying comparatively small areas. South of West 
Virginia pin oak is absent. 

29-31. Hemlock—birch types, qualities 1, 2 and 3. These occasionally are 
almost pure hemlock. While the birch is prevailingly yellow birch, there is, 
especially toward the South, a considerable admixture of black birch. These 
types once occupied not less than 10 million acres in the Eastern States. The 
present area of the unlumbered types probably is less than a million acres, mostly 
in small bodies. Quality 3 is characteristically developed on soils which are 
either wet, on account of lack of drainage due to the stony substratum, as 
developed around Highlands, N. C., or there is better drainage and the type is 
located on north slopes with poor insolation, as occurs throughout the Shenandoah 


Mountains. (Appendix 18.) 

32. Spruce pine—chestnut oak—chestnut type, quality 4. This type is most 
characteristically developed on the points of shale and sandstone ridges in Ken: 
tucky and Tennessee. It occurs, however, to the northward on similar sites 
through extreme northeastern West Virginia and northern Virginia to Mary- 
land and is likewise well developed in places on spurs of the Blue Ridge in 
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western North Carolina and even occasionally as far south as Jasper County, 
Alabama. 

33. Mountain pine—chestnut oak—black oak type, quality 4. In North Caro- 
lina, South Carolina and northern Georgia this type is developed on heavy clay 
soils on crests of spurs of the Blue Ridge Mountains between altitudes of 1500 
and 3000 feet. This type occurs occasionally in the mountains of Tennessee and 
Kentucky and probably extends northward to Pennsylvania. 

34-37. White pine pure, qualities super 1, 1 and 2. These types formerly 
occupied many million acres, especially to the northward. In the Appalachians 
they become localized and restricted in area, being best developed between 
altitudes of 500 to 2000 feet in Pennsylvania and 3000 to 4000 feet in Tennessee 
and North Carolina. They are the exponent of sandy or gravelly soil phases. 
In many places in the Appalachians they intergrade with hemlock qualities 1 and 
2, as is the case in the Shady Valley, Tennessee, and other nearby valleys, or 
(No. 37) into chestnut—white oak as in the upper valley of the Linville River in 
North Carolina and Horse Creek Valley in Blount County, Tennessee, quality 1. 

38. Black pine—chestnut oak—Spanish oak type, quality 4. Characteristically 
a type of sandy or gravelly soils; in the extreme south on northwest slopes at 
higher altitudes but to the northward seeking other exposures and level sites. 


FOREST TYPES OF CAROLINIAN AREA WITHIN THE APPALACHIANS 


In the Carolinian area of the Upper Austral Life Zone the fol- 
lowing forest types are represented : 

1. Rosemary pine—black oak—white hickory type, quality 2. A widely dis- 
tributed type throughout the Piedmont, occupying not less than 5 million acres, 
and the source of much yellow pine timber. In the Valley of Virginia it ascends 
to an altitude of 1100 feet; and in the Asheville Basin to 2600 feet. Its identity 
is lost in western Maryland and southern Pennsylvania. 

2. Rosemary pine—post oak type, quality 3. A widely distributed type in the 
Piedmont. In the mountains it is largely restricted to low ridges in North 
Carclina, Tennessee and southward and does not ascend above 2500 feet in North 
Carolina. 

3. Rosemary pine—blackjack oak type, quality 4. Widely distributed in the 
Piedmont. In the Appalachians it is largely limited to low ridges, seldom 
ascending above 2000 feet in North Carolina, Tennessee and southward; or 1100 
feet in Augusta County, Virginia. 

4. Black oak—southern red oak—white oak—sand hickory type, quality 2. 
Best developed at the lower altitudes and on dryer sites on the Cumberland, 
Plateau of Tennessee and to be southward in Alabama, specially on calearious 
sandy soils. 

5. Spotted oak—black oak—northern red oak—chinquapin oak—southern 
sugar maple—Biltmore ash type, quality 3. At the southern end of the Alle- 
ghany ranges this is a common society on slopes and in hollows on soil derived 
from limestone. It is doubtful if it extends northward beyond Kentucky. 
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6. Chinquapin oak—small shagbark hickory—post oak—red cedar type, 
quality 4. This covers a large portion of the limestone barrens of Tennessee 
and Alabama. It passes especially at lower altitudes and outside of the moun- 
tains into pure red cedar (cedar barren). 

7. Sweet gum—swamp southern red oak (Quercus pagoda)—spotted oak— 
black gum—Acer tridens—green ush—Celtis laevigata type, quality 2. This 
oceurs along alluvials of larger streams at the southern end of Appalachians at 
altitudes of 2,000 feet or less. (Appendix 18.) 

8. Sweet gum—white oak—black gum—shagbark hickory—syeamore type, 
quality 2. This occurs on alluvials, chiefly of smaller streams at altitudes below 
3000 feet in northern Georgia and below 1000 feet in the mountains of Virginia. 

9. River birch—sycamore—red maple—black willow type, quality 3. This is 
a riparian type and occurs on alluvials of smaller streams at altitudes below 
2500 feet at the southern end of Appalachians, and in Maryland below 800 feet. 


APPENDIX 

(1) In Augusta County, Virginia, the Carolinian zone ascends to 1,100 feet; 
in the French Broad basin, and southward to approximately 2,600 feet on sunny 
slopes. See also Kearney, Science 12:831. 1900, 

(2) See also Warming, Ecology, 359. 

(3) Among the most important of these natural causes may be mentioned 
insects. White pine and black pine have been practically exterminated over 
wide areas from Pennsylvania southward since 1870 by the southern pine beetle, 
Dendroctonus frontalis (see Hopkins’ reports). Chestnut has ceased to exist in 
great portions of Alabama, Georgia and the Carolinas, largely as a result of the 
two-line chestnut borer and the root fungus. (See ‘‘Chestnut in Tennessee,’’ 
page 11.) Within the past decade the composition of stands in which the 
hickories form a significant element has been seriously modified, especially in 
northern Illinois and the adjacent region, by an insect (Scolytus quadrispinosus). 
Two deeades ago there was a similar modification in the composition of oak, 
hickory, and rosemary pine stands in Piedmont Carolina, through the dying out 
of the southern red oak and black oak, there being in many places a displace- 
ment of the natural equilibrium which cannot be restored for many years. How 
large a part drought, an extended period of which terminated about this time, 
and insects relatively contributed to this condition is a subject of conjecture. 

(4) Dominant is employed in the sense of exceeding all other in height, its 
significance in an extensive forest literature (see Standard Dictionary). Con 
trolling species is used to designate such as are numerically preponderant. 

(5) The basis for division is approximately the same as that which has been 
used in the work of appraising hardwood timber lands for purchase for eastern 
National Forests; i. e., an interval of 16 feet in the length of the merchantable 
stem (a standard saw-log length) or 25 feet as the difference in the height of the 


crown of the dominant trees, since approximately one-third of the total height 
of a tree with a deliquescent form is in the crown and two-thirds in the stem. 
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(6) Frothingham, Journal of Forestry 19:1. 1921. 


(7) Mechanical condition is the basis for the elassification of soil types 
employed by the Bureau of Soils of the Department of Agriculture; while the 
moisture content, and the number of times that the critical moisture period is 
reached (Briggs and Schantz, the wilting coefficient) are determined by (1) 
humus content and granulation, (2) depth of water table, (3) transpiration 
factors of wind and insolation, the precipitation being the same; and these are 
controlling factors in determining site. 

(8) Kearney, Science 12:841. 1900. Noted particularly also by Shreve, 
Vegetation of a Desert Mountain, 97. 1915. The result of differences in inso- 
lation is noticeable to a marked degree in the southern portion of Walker County 
and in Jasper County, Alabama, along the southern edge of the Alabama National 
Forest. Here on the uplands are typical forests of longleaf pine while in the 
deep gorges of the streams penetrated by direct sunlight only during a few hours 
each day may be found fragments of hemlock—black birch type; and the yellow 
poplar—cucumber—beech—black birch—northern red oak mixture. To a less 
extent this is also noticeable in the deep hollows which indent the bluff formation 
along the Mississippi River in its most dissected phases. 

(9} Contrary to general opinion, many of the surface soils derived from 
limestones, in cases where the unaltered limestone is at a great depth, are not 
only not neutral but even acid. This is due to the fact that the so-called lime- 
stone soils, produced from the weathering of impure limestone, are residuals, 
consisting of the less soluble, chiefly silicious materials. The more rapid is 
erosion the thinner, as a rule, is the residual blanket permitting the roots of 
more plants to come in contact with the calcareous elements in the unleached 
limestone. Many of the residual soils in the Appalachians from the Silurian and 
Cambrian limestones, consequently, are acid and support stands of plants asso- 
ciated with acid soils. 

(10) North Carolina Pine, Bull. 24, N. C. Geo. Survey, p. 57. 1915. 

(11) In the superior stand or sun stand certain species (like yellow poplar) 
may be largely intolerant of shade throughout their entire life period. Such 
species produce relatively few suppressed trees in the mature stands. Other 
species, like beech and white oak, are tolerant for a long period and consequently 
produce many suppressed specimens; while tolerance of some others, like balsam, 
progressively declines with age. The leaves of dominant and suppressed trees 
of the same species, or the sun and shade leaves on dominant trees may be quite 
different. In the southern red oak and its races the sun leaves are smaller, more 
divided, and more densely pubescent beneath. In Tilia heterophylla of Authors 
the shade leaves are larger, thinner, and often glabrous, having been mistaken for 
T. glabra, whereas the sun leavesare silvery-white pubescent beneath. The 
records of the occurrence of JT. glabra in the eastern Appalachians are largely 
based on collections of such shade leaves. 

(12) Botanical Gazette 34:241, 369. 1903. Unfortunately the value of 
these articles is marred by a number of errors in the determination of very com- 
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mon trees, as, for example, Quercus phellos is credited to the valley of the Swan- 
nanoa River, when the species should be Q. imbricaria. 

(13) Phytogeography of North America, 1911. 

(14) Plant Geography. 

(15) Coville, Formation of Leaf Mould, An. Rept. Smiths. Inst., 338-340. 
1913. 

(16) Harshberger, Bot. Gaz. 36:375. 1903. 

(17) Kearney (Il. ¢., 831) regards beech as being characteristically a tran- 
sitional or northern tree. He apparently overlooked the fact that beech reaches 
its best development along the bluff formation in Louisiana and Mississippi, and 
that there are magnificent forests which contain a large proportion of this tree 
throughout other portions of the Gulf States and Tennessee. It occurs to the 
very coast in North Carolina (var. caroliniana) and forms nearly pure stands 
on the beech flats around the southern edge of the Dismal Swamp. Stone (Plants 
So. N. J., p. 84, 1911) records beech as forming pure stands in New Jersey. It is 
probable that the New Jersey tree is the same as the North Carolina coastal form. 

(18) The tendency is for southern types especially those of the low-lands 
to extend up the valleys of the streams beyond the general limits of the life 
zone of which they are representative as finger-like projections into the more 
northern types when deficiency in insolation is not a controlling factor. This is 
particularly noticeable when the soils of the lowlands are sandy and consequently 
‘*warm,’’ while those of the surrounding uplands are clayey and ‘‘ecold.’’ Such 
projecting tentacles of southern types are noticeable in Tishomingo County, 
Mississippi, on the sandy alluvials of Bear Creek where typical lower austral 
societies, such as tupelo, cypress, button bush, white bay, southern red maple and 
alder occur contiguous to the yellow poplar, white oak, black oak, white hickory, 
big leaf cucumber society on the adjacent slopes of the Pearson hills which are 
the southwestern outlyers of the Appalachians. Similarly the intrusion of fingers 
of the Carolinian alluvial flora into the transitional are noticeable in eastern 
Tennessee and western North Carolina. On the other hand, when deficient inso- 
lation is a controlling factor tentacles of northern types penetrate areas in which 
southern types prevail. Such cases are the colonies of hemlock and birch which 
occupy the deep gorges of the Sipsey and other rivers in Jasper County, Alabama 
(see also Appendix No. 8), or the groups of these trees on steep north slopes 
along the south bank of the Potomac River below Great Falls, Virginia. 


Forest SERVICE, 
WASHINGTON, D. C. 
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